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ABSTRACT  
   
Water quality is a severe problem throughout the world. Much available water is 
contaminated by pathogenic microbes. This project reviews the traditional process of solar water 
disinfection in bottles (SODIS), discusses experiments conducted with SODIS bottles modified to 
thermally enhance the process, analyzes experimental data for modified SODIS containers, and 
suggests ways that by which the traditional process can be improved. Traditional SODIS is 
currently used in many rural parts of developing countries to disinfect water. The process uses 
ultraviolet rays and thermal effects to inactivate microorganisms that tend to cause diarrheal 
disease. If a sufficiently high temperature is attained to reach a synergistic UV-thermal effect 
range, the process of SODIS is about three times faster. However, many factors can inhibit 
attainment of sufficient heating of water in SODIS bottles in practice. By modifying the bottles to 
enhance effectiveness of sunlight in increasing the temperature of the water, SODIS can be more 
effective. In this research, a series of experiments were conducted over a period of four months 
and15 days at Arizona State University Polytechnic campus in Mesa, Arizona, U.S.A. Four 
different types of inexpensive materials (black paint, white paint, foam insulation, and 
aluminized mylar) were used individually or in combination in seven different modified 
configurations to assess the potential of the modifications to increase the temperatures of water 
inside 2-liter PET bottles. Experiments were run in triplicate. Temperatures inside the bottles, 
along with yard temperature, were recorded over time. Graphs were plotted for each set of 
experiments. The results of these experiment show that several types of modifications increased 
water temperature during exposure to sunlight. Water in bottles with black paint and foam 
insulation on the back side attained the highest temperatures, approximately 8-10 degrees 
Celsius above temperatures attained in plain bottles. The results of these experiments show how 
several inexpensive, easily obtained materials can significantly enhance the SODIS process. 
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 Overview 
 
Water is essential for life, but clean drinking water is in short supply. While 71% of the earth’s 
surface is covered with water, only about 1% of that water is potable (Evans Mahaya, Deborah J. 
Tippins, Michael P. Mueller, and Norman Thomson, 2009). A maj
developing countries, is the limited availability of safe drinking water (Mosler, 2008; Bosshard, 
2010). A lack of safety is partly a problem of 
problem of widespread microbial co
world (U.S Census Bureau, 2010), 2.6 million do not have good sanitation. About 884 million 
people, most living in developing countries, do not have access to safe drinking water. In Latin 
America and the Caribbean alone, 60 million people do not have access to safe drinking water. A 
shortage of safe drinking water leads to high mortality rates in infants and numerous health 
problems (Mosler, 2008).  
Safe drinking water is scarcest in rural areas. T
areas in developing countries are five times in number compared to those living in urban areas 
(WHO/UNICEF, 2010). Only 77.9% of those living in rural areas of the world have 
drinking water. 
Figure 1.1 Graph showing urban and rural population without improved sources of
water worldwide, 2008 (WHO/UNICEF, 2010).
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or problem, particularly in 
ineffective sanitation and hygiene, and partly a 
ntamination of water sources. Of 6.8 billion people in the 
hose without safe water living in rural 
access to safe 
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Microbially contaminated water causes many diseases (see Table 1), and it has a huge 
impact on health. On average, each year, 1.8 million people die from diarrheal diseases. The 
majority of these are children under the age of 5 years. An average of 4,500 children die from 
diarrhea every day (Schmid, Kohler, Meierhofer, Luzi, Wegelin, 2008). Other sources estimate 
approximately 1,000,000 diarrhea-related deaths of children per year.  
The main cause of diarrhea is consumption of contaminated water. It is estimated that 
80% of diarrheal diseases in the world are caused by microbial contamination of water during its 
transport or storage (Evans Mahaya et-al, 2009). Consumption of microbially contaminated 
water occurs largely because of poor personal hygiene, limited education and knowledge, 
moderate to high relative costs involved in water disinfection, and failure of public water 
supplies in developing countries (Sommer, Marino, Solarte, Salas, Valiente, Mora, Rechsteiner, 
Setter, Wirojanagud, Ajarmeh, Al-Hassain, Wegelin, 1997 and Meierhofer, Landolt, 2009). The 
reason why one third of the population of developing countries does not have access to safe 
drinking water is that most of the people cannot bear the cost of acquiring fuel for boiling water 
or the cost of filters needed for filtration of water. Improving the microbiological quality of 
drinking water can greatly reduce deaths due to diarrhea (McGuigan, Joyce, Conroy. 1999).  
  3 
Table 1  
Global Morbidity and Mortality Rates of Important Diseases from Contaminated Water 
Diseases Cases per year (Thousands) Death per year (thousands) 
Cholera 384 11 
Typhoid 500 25 
Giariasis 500 Low 
Amoebiasis 48,000 110 
Diarrhoeal disease 1,500,000 4000 
Ascariasis 1000 20 
Trichuriasis 100 Low 
Ancylostoma 1500 60 
Dracunculiasis (Guinea 
worm) 
>5000 - 
Schistosomiasis 200,000 800 
Trachoma 360,000(active) 9000(blind) 
Source: World Health Organization, 2004 
Many people in the world earn very little money, and they cannot afford to pay for clean water 
or to purchase equipment or supplies for traditional water treatment. This is illustrated in Table 
2, which shows the percentage of people in various countries earning less than $2 per day. 
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Table 2 
Listing of Countries with Percentage of People Earning Less than $2 per Day. 
Country Name                                  2007 
Armenia 21.0 
Belarus 2.0 
Bolivia 21.9 
Bosnia and Herzegovina 2.0 
Brazil 12.7 
Cambodia 57.8 
Costa Rica 4.3 
Dominican Republic 12.3 
Ecuador 12.8 
Egypt, Arab Rep. .. 
El Salvador 13.2 
Indonesia 60.0 
Kazakhstan 2.0 
Kyrgyz Republic 27.5 
Latvia 2.0 
Liberia 94.8 
Moldova 11.5 
Mongolia .. 
Montenegro 2.0 
Morocco 14.0 
Paraguay 14.2 
Peru 17.8 
Romania 4.1 
Russian Federation 2.0 
Seychelles 2.0 
Timor-Leste 72.8 
Uruguay 4.3 
  
            Poverty headcount ratio at $2 a day Source: World Bank, 2010 
According to World Health Organization, (2004) disinfection involves killing of pathogenic 
bacteria and oxidation of organic material that serves as a source of energy for bacteria. Several 
kinds of treatment technologies have traditionally been used to disinfect drinking water. These 
include boiling, pasteurization, filtration, chemical disinfection and solar-related technologies. 
These technologies are now summarized briefly to illustrate some of their limitations. 
Boiling: Boiling is an established method for killing pathogens in water. However, boiling 
is not a very economical way to disinfect water in developing countries because free or low-cost 
firewood usually required as fuel for boiling may not be sufficiently available nearby, and it takes 
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time both to acquire the firewood and to boil the water (Martin-Dominguez, Alarcon-Herrera, 
Gonzalez-Herrera, 2005). Boiling over a wood fire also involves increased exposure to 
woodsmoke which tends to promote risk of respiratory disease as well as air pollution (Schmid, 
Kohler, Meierhofer, Luzi, Wegelin, 2008). After water is boiled, if it is allowed to sit for some 
time, it starts to cool, which makes it vulnerable for recontamination because it contains no 
disinfectants and surrounding conditions may not be hygienic (Prince, 2006). Moreover boiling 
water for disinfection is a non-renewable and unsustainable process, and it contributes to 
greenhouse gases, and many people living in rural communities believe that boiling water 
adversely changes it taste (Martin-Dominguez, Alarcon-Herrera, Gonzalez-Herrera, 2005). 
Pasteurization: Pasteurization is typically accomplished either by heating or by radiation. 
Heating does not need to achieve boiling temperatures, but the heating process must take place 
over sufficient time that microbes are killed. 
Filtration: Filtration through 0.1 micron filters is an established method for removing 
pathogens from water. However, this must generally be accomplished through use of filters, such 
as ceramic filters, which tend to be relatively costly, which tend to easily break, and which 
require maintenance, which in turn requires education or training. 
Chemical disinfection: Chemical disinfection can be accomplished using a number of 
manufactured chemicals, such as potassium permanganate, ozone and a variety of halogens 
including iodine, chlorine, sodium hypochlorite, chlorine dioxide and chloramines. These 
chemicals in disinfection products can be use to disinfect water, but failure to read and follow 
the manufacturer’s instructions before use can cause problems, such as exposure to humans or 
pets at toxic levels, and staining of or damage to clothing or furniture. These chemicals are also 
relatively expensive for regular use by those in developing countries.  
Lemon juice: A natural chemical disinfectant is lemon juice (D’Aquino, Teves, 1994). 
Even raw surface water can be disinfected by use of lemon juice. Lemon juice contains 5%-8% 
citric acid which is effective in killing cholera vibrio if 5ml is added to 1 L of water and exposure is 
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over a period of 30 min. If the water is very cold or turbid, the amount of lemon juice required 
for disinfection is doubled (WHO 2004). However, relatively few people in rural parts of 
undeveloped countries have affordable access to lemon juice. Also, the rate of disinfection is 
reduced remarkably if the water has high alkalinity. To determine the amount of lemon juice 
requirement for any local source of drinking water, a person needs to determine the alkalinity of 
water, and people living in rural areas of developing countries cannot afford to pay the price of 
instrument needed to determine the alkalinity of water nor do they tend to have the technical 
knowledge to use the instrument correctly (D’Aquino, Teves, 1994) 
Solar water disinfection 
Solar water disinfection is another way by which drinking water can be disinfected. It’s a point of 
use water treatment method (D’Aquino, Teves, 1994). According to EPA (2008), solar water 
disinfection is a low cost method for disinfecting water for drinking, relatively easy to understand 
and to implement, and it is environmentally friendly. As described by Fisher, Keenan, Nelson and 
Voelker (2008), solar water disinfection is a low cost method for killing pathogens present in 
drinking water using sunlight only.  
 A particularly popular form of modern solar water disinfection is called SODIS. In SODIS, 
clear, transparent 1- or 2-liter PET plastic bottles are filled with water of low turbidity and set in 
the sun to heat throughout the day. The sun’s energy is used to inactivate and kill the pathogenic 
microorganisms present in water (Energia news, 2001). PET bottles are considered to be best for 
SODIS as they contain less UV stabilizers than do polyvinylchloride (PVC) bottles. PET bottles are 
exposed to the sunlight for 6-8 hours on a sunny day or 48 hours on a cloudy day, generally in 
countries between latitude 35 ˚ N and 35˚ S, where sunlight is strong and plentiful. Figure 1.2 
shows a world map with countries and latitudes where SODIS might potentially be used. 
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Figure 1.2 World latitude and longitude map (Maps of world, 2008) 
 Oxygen is considered as a crucial component in the process of solar disinfection. Oxygen 
radicals are generated in water exposed to sunlight because of UV-A radiation which helps 
inactivate microorganisms. In SODIS, it is recommended that users shake partially filled bottles 
before exposing the water inside to sunlight in order to develop equilibrium between oxygen 
levels in the water and the headspace. SODIS is a proven method which is efficient for 
inactivation and destruction of pathogenic bacteria and perfect for rural communities in 
developing countries where people cannot afford to boil or chlorinate their water (Martin-
Dominguez, Alarcon-Herrera, Gonzalez-Herrera, 2004). It is estimated that, because of incipient 
use of SODIS, incidences of diarrhea have already been reduced by 16-57% worldwide 
(Meierhofer, Landolt, 2008). 
 Disinfection in the SODIS process takes place in water due to solar exposure. UV-A 
radiation and heat each help to kill diarrhea-causing pathogens. Radiation in the UV-A spectrum 
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has wavelengths in the range of 320-400 nm (Heri, Mosler, 2008). If the water temperature is 
more than about 50 ˚C, a strong synergistic effect of UV-A radiation and temperature occurs and 
then only one-third of the solar radiation otherwise required is needed for disinfection to occur 
(Merierhofer, 2009).  
 
Thesis Statement 
In this research, an attempt was made to determine the thermal enhancement effectiveness of a 
range of relatively inexpensive, easily available materials that could be employed to modify the 
traditional SODIS process. In particular, it was desired, if possible, to find an optimal combination 
of these materials that would enable heating of water in SODIS bottles to temperatures not 
previously attained. 
 
Objectives 
The primary objective of this research was to improve the process of solar water disinfection by 
inexpensively modifying 2-liter PET bottles so as to increase the temperature of water inside the 
bottles and therefore increase the likelihood of attaining synergy between UV-A radiation and 
the temperature of the water. Expense is an important factor in this research because of the 
relatively low incomes and scant availability of affordable resources in most developing 
countries.  
The following were secondary objectives of this research.  
1) To review the literature to find out how others have modified 2-liter PET bottles and 
find what worked best for them 
2) To determine through experimentation with a number of modifications which 
combinations of low cost materials can be used with 2-liter PET bottles to achieve the 
greatest heating of the water and thus the greatest likelihood of a synergistic effect of 
UV radiation and temperature being attained 
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3)  To study how temperature varies over time in different 2 liter PET bottles using 
different materials and combinations of materials applied at the back sides of 2-liter 
bottles. 
Scope of Work  
This study focuses on potential means for improving traditional techniques of solar water 
disinfection (SODIS). In the traditional techniques, PET plastic bottles are filled with 
contaminated water and exposed to full sunlight for a period of 6-8 hours or to partial sunlight 
(i.e., on cloudy days) for two full days. The plastic PET bottles typically used in the traditional 
SODIS process have no modifications done to them. In this research, we modified PET plastic 
bottles using different materials and combinations of materials to cover the back sides of the 
bottles used. The materials chosen for this experiment were based on how they might improve 
the thermal contribution of the SODIS process and on the likely cost and availability of these 
materials in developing countries. There are undoubtedly materials better than these which we 
used in this research but our main aim was to keep the cost of useful thermal enhancement 
materials very low so that people in developing countries can easily afford to purchase and use 
them.  
 In this research, we were only looking at thermal changes in PET bottles with time and 
not at changes in UV light. We used only 2-liter PET plastic bottles for this experiment and the 
same bottles were used for the whole period of the research in order to maintain reasonable 
consistency in the data. These experiments were conducted in Mesa, Arizona, U.S.A during the 
period of late winter to early summer in the year 2010. 
Assumptions 
Several assumptions made for this study are as follows: 
1) The PET plastic bottles were used for the whole length of the experimentation, and the 
assumption was that there was no significant optical degradation in the PET plastic bottles due to 
exposure to sunlight over multiple 8-hr experimental periods over several months. 
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2) Non-mercury thermometers were used for the experiment for safety purposes, and it is 
assumed that the thermometers met advertised accuracy of +0.5ºF and that they did not lose 
their accuracy over the period of experimentation. 
3) All the data was physically collected at Arizona State University at the Polytechnic campus in 
Mesa, U.S.A, and it is assumed that results may be comparable at other locations with similar 
patterns of solar radiation, but not necessarily at other types of locations. 
4) 2-liters PET plastic bottles were used for this experiment based on assumption that they have 
low cost and are easily available in developing countries. 
5) Water used for this experiment is assumed to have been free of turbidity, based on its source 
and on visual examination; results for SODIS in actual practice may vary if the water used has 
turbidity. 
6) The position of PET plastic bottles is assumed to have been fixed with respect to the plane of 
the ground; however their position was not fixed relative to the direction of the sun; in other 
words, no attempt was made to track the Sun.  
7) Hourly yard temperature as recorded using a QUEST thermometer and daily temperature in 
Mesa, Arizona was reported from the Weather Channel; each is assumed to be reasonably 
accurate.  
8) No catalysts were used in order to accelerate temperature rise in 2-liter PET bottles.  
Limitations 
Limitations of research. Limitations of this research are as follows: 
1) During the time of research only hand-held thermometers were used with an accuracy 
of +0.5 ºF; this limits accuracy to a level below that attainable using more expensive 
electronic sensors and recorders 
 
2) A series of experiments were done only at one geographic location and for a certain 
period of the year. Results may vary for different locations and periods of the year 
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3) Only 2-liter transparent plastic PET bottles were used for the research. Results may vary 
with different sizes and types of bottles used. 
4) A small amount of experimental data that might otherwise have been included in the 
research is missing because of rainfall on a single day of data collection. 
5) The main focus of this research was on modifying water temperature, which is only one 
of the major aspects of solar water disinfection. No research was done on UV-A 
radiation aspect of solar water disinfection.  
6) While the same set of bottles were used for the complete duration of the experiment in 
an attempt to maintain relatively consistency in the results, during the last couple of 
weeks several bottles became somewhat scratched. If a new set of bottles were used 
every week with new materials, then results would likely vary somewhat.  
7) During the experiment, 2-liter PET bottles were placed on a wooden plank which was 6 
inches above ground level. Results may vary if bottles are placed on a corrugated metal 
rooftop, as is sometimes done in practice.  
8) Fresh tap water was used every week to conduct the experiment. Results may vary in 
rural parts of developing countries as most people in such locations do not have access 
to tap water and use instead other sources of water.  
9) The series of experiments was conducted only during the day time, from 8AM to 5PM. 
Night time temperature recording was not done. 
10) The quality of materials used to modify 2-liter PET bottles in this experiment may not 
always be the same in developing countries.  
11)  Thin plastic transparent filaments (monofilament fishing line) were used to hold 
different types of material in place on the bottles, in order to minimize blockage of 
sunlight. People in developing countries might not always have access to monofilament 
fishing line and may instead use standard string or twine which may cause some 
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minimal blockage of sunlight leading to more time required to raise the temperature up 
to a value allowing for a synergistic effect of UV-A radiation and temperature. 
12) This research did not attempt to determine the amount of microbiological disinfection 
in the water that actually occurred during exposure to sunlight during the 8 hr period. 
13) This research involved emptying bottles of water and washing them with a soap solution 
and brush just before the next use rather than immediately after a day of sunlight 
exposure; this may have had an impact on minor algae growth noted in some bottles 
during periods of exposure to sunlight.  
14) Accuracy of each of the 21 thermometers was assumed to be correct as specified by the 
manufacturer and was not checked before experiments were started in February 2010.  
15) Only low cost, easily available and easy-to-use materials were employed in this series of 
experiments, keeping in mind there cost, availability and technical knowledge of people 
in developing countries. This research does not rely on materials that are expensive and 
that require extensive technical knowledge so as to implement an effective disinfection 
process.  
Limitations of solar water disinfection (SODIS) 
1) Solar water disinfection (SODIS) is not effective if the water contains suspended or 
dissolved solids/particles because these particles in the water disperse light and protect 
microorganisms from being inactivated. 
2) Solar water is effective if the turbidity of water is less than 30 NTU. Pretreatment of 
water is required if turbidity is more than 30 NTU. 
3) SODIS is very much dependent on environmental conditions; SODIS is not as effective if 
there is a cloud cover and cannot be used on a rainy day. It requires more time as 
comparing to boiling or pasteurization. On an average 6-8hrs on a sunny day and up to 
two days if there is a cloud cover (Flores, 2003). Disinfection time is 6hrs to 2 days 
depending on the weather conditions (Schmid et al., 2008). 
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4) SODIS is effective only for a bottle size ranging from 1-2 L. As the size of the bottle 
increases more time is required for disinfection. 
5) Formation of algae starts in SODIS bottles if water is stored more than 2 days in the 
bottle. 
6) SODIS is considered effective only for use in regions between the latitude of 35 ˚N and S 
of the equator because the sun radiations are highest in this region 
7) SODIS is most effective for brand new PET bottles because brand new PET bottles have 
70% UV transmittance efficiency. Over the period of time bottles become scratched and 
scratches diffract the light coming into the bottles and hence reducing the amount of 
energy being absorbed by microorganisms. Bottles needs to be replace periodically to 
scratching and aging so there is maximum transmission of sunlight (Flores, 2003) 
8) Solar water disinfection is not effective in treating waste water (IDRC. 1989) 
9)  SODIS does not change the taste or smell of water (Parsons, 2002) 
10) SODIS is effective for places which have 300 sunny days with cleat sky  (Rojko, 2003) 
11) In the experiment we didn’t consider wind velocity; constant breeze can cause cooling 
of the water inside 2-liter PET bottles. (Parson, 2002) 
12) Getting 2 liter PET bottles could be a problem in some rural areas of developing country 
(Flores, 2003) 
13) If PET bottles are not disposed of properly, it can be an environmental problem (Flores, 
2003) 
14)  Efficiency decreases with the increase in depth of water in the bottle or plastic bags  
15) Solar water disinfection techniques is appropriate only at household level (Foran, 2007 ) 
 
 
 
 
  14 
Chapter 2 
Literature Review 
This chapter reviews literature pertinent to the objectives of this thesis. Specifically, it focuses on 
six main topics: 
• water crises throughout the world 
• traditional practices for disinfecting water 
• solar water disinfection concepts 
• history of solar water disinfection and SODIS 
• recent research on SODIS enhancement 
• need for solar water disinfection 
• weather information for the Mesa, Arizona, USA area 
In addition, this chapter will discuss various topics such as the use of polyethylene terephthalate 
(PET) bottles in bottle-based solar water disinfection (SODIS), use of SODIS in developing 
countries, and limitations of SODIS. 
Water Crises Throughout the World 
A limited amount of potable water exists throughout the world. Although two thirds of the 
earth’s surface is covered by water, the vast majority of that water is too salty to drink without 
specialized treatment. Only 2.5% of surface water is not excessively salty, and, of that, 2/3th is in 
the form of ice, locked in glaciers, and it therefore is relatively inaccessible to most people. The 
world population is growing rapidly, whereas the supply of potable water is not (BBC News, 
2000). Inadequate access to clean water is one of the most widespread problems in the world, 
and it is expected to increase in coming years. A growing population places a great demand in 
particular on water resources of developing nations. Solutions for people in developing nations 
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need to be found as soon as possible to maximize the saving of lives. Currently, a large fraction of 
the earth’s population suffers from inadequately treated water. On average, over 800 million 
cases of diarrhea are reported each year, and one to several million people die every year from 
diarrhea-related maladies and accompanying malnutrition and dehydration (e.g., Wegelin, 
Canonica, Mechnser, Fleischmann, Pesaro, Metzler, 1994). Much of this illness is attributable to 
biologically contaminated water. It is estimated that every hour in developing countries 
approximately 200 children under the age of five die because of biologically contaminated 
drinking water. In India alone, it is estimated that more than 450,000 people die each year 
because of diarrheal diseases, many of whom are children (Chasen, McLaughlin, Nayaar, Boisson, 
Gupta, Desai, Shah, 2008). 
Because biologically contaminated water is relatively commonplace, it is important for those in 
developing countries to be able to treat it to make it potable. However, this must be done 
inexpensively, without sophisticated equipment or practices. 
 
Figure 2.1. This figure shows national percentages of populations without access to safe drinking 
water. Source: (Gleick, 1998)  
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Traditional methods for disinfecting water 
A number of traditional methods for disinfecting or otherwise cleaning water exist for people in 
developing nations who cannot afford the luxury of a centralized water treatment plant. These 
methods are often applied at the point of use. They include water storage, filtration, 
chlorination, use of iodine, boiling and pasteurization. 
Water Storage – Storage of water in a plain sedimentation tank generally helps to 
reduce water turbidity and fecal coliform content, but only to certain extent. The main problem 
with storage of water as a means of water treatment is risk of recontamination due to poor 
personal hygienic practices and lack of knowledge of water microbiology and treatment practices 
(EAWAG, SANDEC, 2002) 
Filtration – Turbidity of source water can be reduced using either rapid or slow filters. 
Filters are devices that allow water to pass through small holes which screen out particles larger 
than the holes. Slow filters may also help reduce bacterial and viral contamination to a large 
extent.  
Filters are designed to operate under specific limits of turbidity and Total Suspended 
Solids (TSS). If turbidity or TSS of source water exceeds the limit, then the filter tends to get 
clogged. Pretreatment is required in water having high turbidity or high TSS values (Ashok Godgil, 
2001).  
While large filtration units can treat water for multiple households, or even entire 
communities, some households use filters for individual household units. Some examples of 
household water filters are ceramic filters, candle filters, and stone and stand filters. Those used 
in developing countries typically help only in removing solid particles, such as sand or silt, present 
in water, but they are generally not effectual in removing microorganisms to the extent needed 
to make the water fully potable (EAWAG, SANDEC, 2002). More-expensive ceramic filters can 
effectively remove bacteria and parasites, but generally not viruses. Filtering medium with an 
  17 
absolute pore size of 0.01 micron to 0.45 micron to be bacteriologically sterile and 0.45 micron to 
1.0 micron to be bacteriologically safe. Such filters are also generally too expensive for people in 
developing nations to use. 
Chlorination – Chlorination is a chemical disinfection method (Rojko, 2003). Chlorine is the 
most widely used water disinfectant in the world. Chorine is generally available in the form of 
chlorine compounds, for example sodium or calcium hypochlorite, which contain 70%-75% 
chlorine. Chlorine gas may also be used in chlorination, but is now being used less because of 
potential inhalation hazards. Residual chlorine in water helps to prevent recontamination 
because of its continuing activity as a disinfectant. The amount of chorine required for water 
disinfection depends on the water’s turbidity, the pH of the water and the water temperature. 
Limitations of chlorination include: 
• it requires tens of hours of contact time (Ashok Godgil, 2001) 
• it imparts taste and odor to the water (Godgil, 2001)  
• chorine reacts with organics to produce disinfection byproducts  
• water with very high turbidity requires more chlorine during treatment 
• chorine has a limited shelf life 
• most people in rural areas of developing countries do not understand how to effectively 
use chlorine for water disinfection 
• the cost of chlorine is a big barrier to its use in developing countries, where people may 
have to travel far to obtain it (Rojko, 2003) 
• use of inappropriate amounts of chlorine can be hazardous (WHO, 2004) 
Because, even if the right amount of chlorine is added to water, chlorine changes the taste and 
imparts an odor to water. As a result, many people prefer not to use chlorine (Godgil, 2001; 
Micah, Forrest, Fermin, Kara, Daniel, 2006). When chlorine gas is dissolved in water, 
hypochorous acid (HOCL) is formed. 
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Cl2 + H2O ==> HOCl + HCl 
 The deprotonation of HOCL results in OCl
-
. Free HOCL and OCL results in formation of free 
chorine, which is used as a disinfectant (Peter. M. Oates, 2001) 
Iodine Treatment – Iodine is also a commonly used compound for disinfecting water. It 
is used mostly in United States of America, and its cost per unit weight is about 20 times greater 
than that of chorine (Ellis, 1991). Iodine is available in liquid and dry form, and it is generally 
recommended for use in time of emergency only (WHO, 2004). Iodine disinfectants are often 
developed using a stock solution. The four to eight grams of iodine in crystalline form often 
found in a stock solution can potentially kill a person if swallowed accidentally (CDC, 2010). The 
CDC does not recommend that certain people use iodine. These people include pregnant women, 
adults or children with thyroid health issues, or those with iodine hypersensitivity. Furthermore, 
the CDC cautions people to avoid using iodine as a disinfectant for water for more than a few 
weeks. 
Boiling – Boiling is a physical method long used to disinfect water (Rojko, 2003). It is 
commonly used to treat water in developing countries. Boiling water for a sufficiently long time 
is considered effective for disinfection even if the water is turbid; in that case, WHO recommends 
that the water be boiled for three to ten minutes, depending upon the water quality and 
contamination (WHO, 2004). According to Gilman (1985), if water is relatively free of turbidity, it 
should be boiled at least for one minute at sea level, with one additional minute being added for 
every 1000 foot increase in altitude. After water is boiled and left to cool down, it can be 
recontaminated if not handled properly as there is no residual disinfectant in the boiled water 
that will resist the growth of diarrhea-causing bacteria (Chasen et al., 2008). When water is 
boiled, its taste changes. Thus, some people prefer not to boil water. However, the primary 
reason that the taste changes is that boiling drives off dissolved oxygen. Shaking boiled water in a 
container with headspace before drinking it aerates the boiled water and makes it taste better. 
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Water pasteurization – Pasteurization involves disinfection liquid with heat or radiation 
(Burch, Thomas, 1998). Pasteurization by heating is similar to boiling water, but water 
temperatures only need to reach only 70-75°C instead of 100°C. However, heating times are 
much longer (EAWAG, SANDEC, 2002). Due to this difference in time, many people choose simply 
to boil water  
 
 
Solar water disinfection concepts 
According to Sommer, Marino, Solarte, Salas, Dierolf, Valiente, Mora, Rechsteiner, 
Setter, Wirojanagud, Ajarmeh, Al-Hassan and Wegelin (1997),  solar water disinfection is a 
treatment process in which water is exposed to sunlight over time. Solar water disinfection is an 
environmental friendly and low cost method to disinfect water (EPA, 2001).  
The particular type of solar water disinfection on which this thesis focuses is known as 
SODIS. SODIS involves placing water to be treated in a clear, plastic bottle and exposing it to the 
sunlight for a sufficient time to inactivate pathogenic microbes (e.g., Fisher, Keenan, Nelson and 
Voelker (2008). According to Parsons (2002), solar water disinfection occurs via three 
mechanisms which, individually or collectively, may kill or otherwise inactivate pathogenic 
microorganisms.  
1) DNA alteration by ultraviolet light 
2) Production of reactive photo-oxidation species 
3) Thermal inactivation 
The process of solar water disinfection is generally effective between 35°N and 35°S. For areas 
outside of this region, SODIS does not tend to be very effective because of limited solar radiation 
and a colder climate (Parsons, 2002). Solar water disinfection is widely used in about 31 countries 
by more than two million people for water disinfection (Schmid, Kohler, Meierhofer, Luzi, 
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Wegelin, 2008). Figure 2.2 shows a box delineating the regions of the world where SODIS may be 
effective. As can be seen from this figure, many developing countries lie within these regions. 
 
Figure 2.2 Shows areas on the world map where is process of SODIS is effective 
(Parsons, 2002) 
 
The World Health Organization (2002) states that SODIS in general is a cost effective and 
environmental sustainable process which employs solar radiation in the spectrum of UV-A light 
(wavelength 320-400nm) and heat (which causes an increase in water temperature) to destroy 
the pathogenic microorganisms present in biologically contaminated water contained in the 
bottle. According to Kenya Water for Health Organization (2009), SODIS is a viable alternative 
method for disinfection of water in small quantities at a household level in which only solar 
energy is involved.  
The SODIS process is quite simple. Generally, clear 2-liter polyethylene terephalate (PET) 
bottles are used. Low-turbidity water (<30NTU) is poured to fill the plastic bottles, and the 
bottles are then shaken to increase the dissolved oxygen content. The bottles are then exposed 
to sunlight for an extended period of time. In full sunlight, this period is 6 – 8 hours. If the 
temperature of water inside the bottle reaches 45-50 degrees Celsius, then disinfection is about 
three times more effective. If the weather is cloudy, then the bottles are exposed to sunlight for 
48 hr or more to achieve below-detectable levels of bacteria. If the temperature of the water 
35°S  
35°N  
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inside a 2-liter PET bottle in less than 20°C, then UV radiation is the only responsible agent for 
water disinfection (Wegelin et al, 1994), and the process of disinfection may take considerably 
longer.  
According to Oates, Shanahan, and Polz (2003), the solar water disinfection threshold 
for microbial disinfection of drinking water generally involves solar exposure to 3-5 hours of solar 
radiation above 500W/m². Strong synergistic occur if the temperature of the water is above 
45°C. The increase in temperature of water exposed to sunlight is caused due to absorption of 
red and infrared light creating heat. If the temperature in the water rises to 55°C, then the 
thermal process by itself is responsible for the inactivation process (McGuigan, Joyce, Conroy, 
Gillespie, Elmore-Meegan, 1998).  
Turbidity – The efficiency of SODIS is very much inversely dependent on the turbidity of 
water. Turbidity is a measure of the cloudiness of water. Cloudiness in water is generally due to 
presence of clay, silt, finely divided organic and inorganic matter, and it is measured as turbidity 
(Murcott, Cervantes, Xanat, 2003). According to SANDEC (2001), turbidity of the water to be 
treated by solar water disinfection should be less than 30 NTU, where NTU is the acronym for 
nephelometric turbidity units, a measure inversely related to optical clarity.  
Solid particles in water that is to be treated via SODIS tend to decrease optical clarity 
and also tend to block the passage of ultraviolet radiation through water, thereby decreasing the 
efficiency of the SODIS process. If the turbidity of water to be treated via SODIS is more than 30 
NTU, the water should be pre-treated before it is use, using sedimentation or straining (Murcott 
et al. 2003). Alum is sometimes used to induce sedimentation. For example, it is used in water in 
the northern region of Ghana to lower turbidity (Foran, 2007). Figure 2.3 shows the visual 
difference in turbidity of water before and after using Alum. It is apparent that after alum is used, 
the sediment on the bottom of the container as well as the sides of the container can clearly be 
seen. 
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Figure 2.3 Turbidity of water before and after use of Alum (Foran, 2007) 
UV Radiation – In SODIS, radiation in both the infrared and ultraviolet ranges is used to 
disinfect water. As shown in Figure 2.4, both infrared and UV radiation lie in portions of the 
electromagnetic spectrum of light (National Weather Service Forecast Office, 2007). Heat is 
produced due to absorption of light in the infrared spectrum, and ultraviolet radiation tends to 
inactivate pathogenic microorganisms.  
                                    
Figure 2.4 shows the infrared and UV portions of the electromagnetic spectrum.  
Ultraviolet radiation is divided in to three different types of radiation depending on the 
wavelength. There are three basic types (see Figure 2.5): 
  
Figure2.5 shows Electromagnetic Spectrum showing UV
Type 1 UV-A.  
Wavelength: 320-400nm. This of radiation is not absorbed b
UV-A radiation damages DNA of 
oxygen species are produced due to absorption of
changes and strand damage of the microorganism
Type 2 UV-B 
Wavelength: 290-320nm. This type of radiation is not completely absorbed by 
Only 1% of this radiation reaches earth surface
Type 3 UV-C 
Wavelength: 100-290. This type of radiation is t
History of solar water disinfection and SODIS
History of solar water disinfection 
and Greek mentioned using sunlight as 
depth in 1979 by Mr. Aftim Ac
Science at the American University in Beirut. He
developed a disinfection method that was easy to use and relatively inexpensive. Mr. Acra 
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-A, UV-B and UV-C wavelength.
y the earth’s ozone layer.  
living cells which helps in inactivating the cells. Highly reactive 
 UV-A through photosensitizers that cause
s (Flores, 2003). 
the ozone layer. 
. 
otally absorbed by the atmosphere layer. 
 
is thought to date back to 4000 BC, when writings in Sanskrit 
methods for purifying water. SODIS was first studied in 
ra, a researcher and professor in the Department of Environmental 
, with his assistant, Yester Karahagopain, 
 
 
 base 
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claimed that pathogenic microorganisms present in water could be very easily destroyed with 
solar radiation, especially ultraviolet radiation (Bourgoing, 1989). In 1991, the Swiss Federal 
Institute of Environmental Science and technology (EAWAG) and various departments of water 
and sanitation in developing countries confirmed that SODIS helps inactivate bacteria, parasites 
and viruses in water. Following that, several test trials were carried out in Bolivia (Energia News, 
2001).  SODIS has been used extensively in developing countries since that time. 
PET bottles – The SODIS process is generally performed in transparent plastic bottles 
(EAWAG/SANDEC, 2002; Sobsey, 2002).  Plastic bags and glass bottles can also be used for this 
process. Glass bottles of some types of glass may function, but window glass and some other 
glasses screen out most UV radiation, which is essential for SODIS under most conditions 
(EAWAG/SANDEC, 2002). In addition, plastic bags and glass are less durable than plastic bottles, 
and plastic bottles are easily available in developing countries (SANDEC, 2001). 
Recycled polyethylene terephthalate (PET) bottles are mostly used for solar water 
disinfection (Mausezahl, Christen, Pacheco, Tellez, Iriarte, Zapate, Cevallos, Hattendorf, 
Cattaneo, Arnold, Smith, Colford, 2009). Another reason why PET bottles are highly suitable for 
solar water disinfection is the nearly perfect depth of the bottles. There is a 50% decrease in UV 
radiations at depth of 10 cm (Oats, 2001, Sommer et al. 1997), yet as much depth of water as 
possible that allows for UV transmittance is desirable.  PET bottles are considered better than 
PVC (polyvinyl chloride) as they contain less additive (UV stabilizers), which reduces the chances 
of migration of any additives into the water (SODIS, 2007). 
Environmental concerns – There have been concerns regarding the release of additive 
chemicals from the bottle into the water at the time of solar disinfection. According to Schmid et 
al. (2008), research conducted by Swiss Federal Laboratories for Material Testing and Research 
should allay those fears. Water in bottles from different countries of origin was collected and was 
exposed to sunlight for a period of 17 hrs. In the general testing, the only flavor that was noticed 
on occasion was the flavor of the drink that was earlier present in the bottles. In the detailed 
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analysis, it was noted that the concentrations of plasticizers di(2-ethylhexyl)adipate (DEHA) and 
di(2-ethylhexyl)phthalate (DEHP) were 0.046 and 0.71μg/L, respectively. These are basically the 
same values present in commercial bottled water, and they are much lower than international 
standards (see WHO drinking water standards in Table 2.3). Research done by Indian Institute of 
Technology, Madras (2010) also confirmed that PET bottles are safe for use of SODIS. 
The following table gives WHO guide lines for drinking water standards 
Table 2.3 
WHO Drinking Water Standards for DEHA and DEHP 
Compound Range μg/L WHO Standard μg/L 
DEHA 0.001-0.0256 80 
DEHP 0.006-0.5320 8 
Source: Nathan, Philips, 2009 
Some other materials that can be utilized in SODIS containers for transmission of UV radiation to 
microorganisms in water are “opaque” polyethylene (PE) in plastic bags, transparent PE in plastic 
bags and transparent glass in bottles. Each of these materials is characterized by a different 
percentage of UV transmission. The following graph shows the percentage of UV transmission for 
each of these materials, including PET in plastic bottles.” 
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Figure 2.5.1 shows percentage of UV transmission for different materials (SODIS, 2007) 
 
Research done on SODIS enhancement 
Research conducted on enhancing SODIS was conducted at a number of institutions including the 
Department of Civil and Environmental Engineering at the Massachusetts Institute of 
Technology.  
In 2002, research was conducted to improve the thermal aspect of the SODIS process by 
painting bottles partially or completely black. Work was also done to attempt to increase the 
amount of solar radiation using solar reflectors. Experiments were conducted in Haiti and 
Boston, U.S.A. In Haiti, two locations were selected, i.e., the rural community of Barasa, and the 
urban center of Dumay. Weather in Barasa is much colder than in Dumay because the former is 
very close to sea level. Research in Haiti was conducted in January of 2002 and in Boston, 
Massachusetts, U.S.A. during the months of February and March, 2002 (Parsons, 2002). 
The daily average high temperature in Barasa, Haiti was 28°C at about 1PM. The daily 
average high temperature in Dumay was 42°C at around 1PM. As the experiment was conducted 
during the winter season in Boston, Massachusetts, U.S.A, the peak temperature recorded was 
merely 12°C.  
For each location, flat black color paint was used to paint the back sides or all sides of 
the bottles and to thereby enhance the water temperature due to heating associated with 
absorbance of infrared light on the paint. Aluminum foil and aluminized mylar were two 
reflectors used in Barasa to enhance solar radiation intensity, which might also have an effect 
(Parsons, 2002). In the experiments, three sets of bottles were used: 
Set 1 - clear bottles 
Set 2 – Bottles with back half side painted black  
Set 3 – Bottles fully painted black  
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One other objective in this research was to see if there was a difference in temperature in water 
for bottles fully painted black compared to bottles with just their back sides painted black.  
These bottles were also placed on sunlight reflectors as shown in Figure 2.6. 
       
 
Figure 2.6 Photo of test bottles placed on aluminum foil and aluminized mylar (Parsons, 2002) 
Three different wooden racks were made.  
Rack 1 – Clear bottles, bottles with half side paint black and bottles fully painted black were kept 
Rack 2- Clear bottles, bottles with half side paint black and bottles fully painted black were kept 
on aluminum foil as shown in the above figure  
Rack 3- Clear bottles, bottles with half side paint black and bottles fully painted black were kept 
on aluminized mylar as shown in the above figure. 
  
Aluminum foil 
Aluminized mylar 
Rack 3 Rack 2 
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Table 4 
Bottles Placed on Different Type of Reflector Material 
Reflector type  Bottles 
Without reflector  Clear bottles, half-black painted and fully 
black-painted bottles 
Reflector 1: Aluminum foil  Clear bottles, half-black painted and fully 
black-painted bottles 
Reflector 2: Aluminum mylar  Clear bottles, half-black painted and fully 
black-painted bottles 
Source: (Parsons, 2002) 
Results obtained from Barasa, Haiti – The temperature of water inside clear bottles, bottles 
painted half black and bottles painted fully black in Barasa didn’t go up to 50°C to obtain 
significant disinfection only by heat or to reach the synergistic range. It was noted that there was 
not a significant different in the temperature of water  from bottles placed on reflectors 
compared to bottles place over no reflector, so for the experiments in Dumay, Haiti, and Boston, 
Massachusetts, USA, reflectors where not used. The highest temperature in bottles with their 
back sides painted black and bottles completely painted black was around 38°C, and there was 
no difference in temperature between those half-painted black and bottles fully painted black 
(Parsons, 2002). 
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Figure 2.7 Graph of temperature profile of various bottles as a function of time. (Parsons, 2002) 
Results obtained from Dumay, Haiti – The readings of temperature noted for Dumay were 
higher than those obtained in Barasa (see Figure 4.8). The temperatures in clear bottles reached 
up to 44.5°C and temperature of water in the bottles with the back side painted black and those 
fully black reached a high of 51°C and 55°C, respectively. The ambient high temperature for that 
day was 47°C. The following graph shows the temperature variation over time (Parsons, 2002). 
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Figure 2.8 Shows temperature profile in Dumay, Haiti as a function of time (Parsons, 2002). 
It is notable that the temperature enhancement attained at the peak temperature of the day was 
approximately 10 degrees Celsius and was enough to push the temperature into the synergistic 
range for several hours of the day. 
Results from Boston, USA – The temperature profile recorded in Boston, Massachusetts was 
significantly low compared to that in Barasa and Dumay in Haiti (see Figure 2.9). This is likely 
because of the location and weather conditions in Boston, USA. The highest temperature in clear 
bottles recorded was 11°C and the highest temperature recorded both for bottles half painted 
black and bottles fully painted black was 14°C, significantly lower than what is need for SODIS 
(Parsons, 2002). 
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Figure 2.9 Temperature profile for the experiment conducted in Boston, USA in the month of 
March, 2002. (Parsons, 2002) 
 
In 2001, research was conducted on SODIS as a point of use water treatment in Haiti by Peter M. 
Oates of the Department of Civil and Environmental Engineering at Massachusetts Institute of 
Technology. The field study was done in January, 2001. The following measurements were made 
during the field study.  
1) Sunlight intensity 
2) Bottle water temperature 
3) Turbidity  
These parameters were then used in analysis in conjunction with the results of a microbial 
assessment. A presence/absence test for bacteria was conducted for this purpose. A 
presence/absence test does not indicate the number of bacteria present in water. This test only 
indicates if bacteria of a certain type are present or not in the water.  
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Experiments were conducted in Dumay and Santo, Haiti. On the 12
th
 and 13
th
 of January, 2001, 
the experiments were done in Dumay, and from the 16
th
 of January to the 21
st
 of January, they 
were conducted in Santo (Oates, 2001). 
 A total of 9 plastic PET bottles were used for this experiment. Black paint was applied to 
the back half of each bottle to increase the temperature of water inside the bottle, so as to 
increase the thermal effect on disinfection. 
 
Figure 2.10 Bottles kept on the roof top over a black plastic sheet. (Oates, 2001) 
Results from 01/12/2001 - The experiment was conducted for a period of 5 hrs. The 
average high ambient temperature for that day was 40°C around noon. It is clear from the Figure 
2.11 that the water temperature did rise above the synergistic temperature threshold for a 
period of about 4 hrs, i.e., from noon until 4:00 p.m. Maximum water temperature noted for that 
day was around 52°C at 2 p.m. There was an increase of 12° in temperature compared to 
ambient temperature using black paint on the back sides of the bottles. The 5hr average peak 
intensity was 715W/m², which is greater then what is required for disinfection of water. After the 
experiment, water that was exposed to sunlight was tested for presence of bacteria. All the 
results obtained from presence/absence test indicated complete inactivation of pathogenic 
bacteria (Oates, 2001). 
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Figure 2.11 Results for 01/12/2001(Oates, 2001) 
Results from 01/13/2001— The bottles were exposed to sunlight on the day of the 
experiment for a period of 8 hrs, i.e., from 8 a.m. to 5 p.m. Weather conditions on this day were 
different from those of 01/12/2001. There was a cloud cover until 11:30 a.m., and temperature 
at noon was only 28°C. Around 1 p.m., the sky became clear, and after that it was again cloudy. 
The following figure, Figure 2.12, shows the bottle water temperature profile during the duration 
of the experiment (Oates, 2001). 
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 Figure 2.12 Temperature profile and sunlight intensity for 01/13/2001. (Oates, 2001) 
It is can be seen from Figure 2.12 that the sunlight intensity for most part of the day was less 
than 500 W/m². The only time the sun intensity was greater than 500 W/m² was from 1 p.m. to 2 
p.m. The temperature profile shows that temperature for most part of the day was less the 40°C, 
that required for sunlight disinfection, and the water temperature did not reach above 45°C, as 
required for the synergistic effect. After the experiment was completed, water was tested for the 
presence of bacteria. All the water samples showed the presence of bacteria (Oates, 2001). 
Results from 01/16/2010 – This section discusses results of experiments conducted in 
Santo, Haiti from 01/16/2001 – 01/21/2001. In these experiments, a local spring well was used to 
collect water for use. The weather conditions for that day were hot and sunny, with minimal 
cloud cover. The highest ambient air temperature on that day was 40°C at noon. The following 
figure shows the temperature profile of water inside the bottle and sunlight intensity during the 
day (Oates, 2001). 
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Figure 2.13 Temperature and sunlight intensity profile for 01/16/2001 
The temperatures of the water inside the 2 liter PET bottles used were above the synergistic 
temperature threshold for about 4 hrs, i.e., from 11 a.m. to 3 p.m., and the 5-hr average peak 
intensity was 710 W/m². All target organisms were inactivated during this time. (Oates, 2001) 
Results for 17/01/2001 -- On this day water was selected from a puddle of dirty water, 
which had a high content of bacteria. The average high temperature on that day was 38°C at 
noon. The Figure 2.14 shows temperature and sunlight intensity profile for that day. (Oates, 
2001) 
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Figure 2.14 Temperature profile for temperature of the water in the bottle and sunlight intensity  
for 01/17/2001. (Oates, 2001) 
It can be seen from Figure 2.14 that the temperature of water inside the 2 liter PET bottles was 
above the synergistic temperature threshold for 4 hrs, and the 5-hr average peak sunlight 
intensity was also high. Tests for microorganisms were done afterwards, and there were no 
microorganisms found after the exposure of the water to sunlight for 8 hrs (Oates, 2001). 
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Figure 2.16 Temperature profile and sunlight intensity for 01/19/2001 (Oates, 2001) 
Similar data were obtained for experiments performed on the 19
th
 (see Figure 2.16). 
Research done at Harvard. – This research was done by Ms. Melinda M. Foran of 
Harvard School of Public Health in Boston, Massachusetts in 2007. This research focused on 
whether SolAgua, a type of plastic bag, could be useful for disinfection of low-turbidity water. 
Specifically, it was tested to see if use of the bag was effective in achieving high efficiency for 
microorganism removal in only 2-4 hrs of exposure time during sunny and cloudy days. Work was 
done in the northern region of Ghana, Africa. These solar water bags were considered better 
than the PET bottles because they allowed for more transfer of solar energy and hence a greater 
extent of pathogen inactivation. The following picture shows a SolAgua bag used in the 
experiment (Foran, 2007) 
 
Figure 2.17. Solar water bag with entry mechanism and exit valve for water. (Foran, 2007) 
 
The following figure shows the step in which the experiment was conducted. 
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Figure 2.18. Different stages in the experiment for the experiment conducted in Ghana (Foran, 
2007) 
Alum was added to water samples, and the samples were filtered. Then a sample of water was 
collected to test for microorganisms. This sample, and all other samples, were kept out in the sun 
for four hours, and they were then tested for presence of microorganisms after the exposure. 
           
Figure2.19. Original water sample, and sample of water obtained after passing it through a cloth 
filter (Foran, 2007). 
 Figure 2.20 shows the amount of coliform microorganisms left in the water that was 
exposed to the sunlight for 4hrs. 
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Figure 2.20. Total coliform reduction (Foran, 2007) 
It can be seen from Figure 2.20 that there was a significant reduction in coliform bacteria after 
only addition of alum and filtration by a cloth filter without exposure of the water to sunlight. 
After the water samples were exposed for 4 hrs there was a further reduction in coliform in the 
water sample, i.e., there was 99% reduction in coliform bacteria (Foran, 2007). 
Solar water disinfection in India – Out of 1.15 billion people (World Bank, 2009) in India, 
121 million do not have access to safe drinking water. Most of the water in the slum areas of the 
country is supplied by water trucks and is stored in tanks for future use. These storage tanks are 
polluted by bacteria due to improper sanitation and hygiene. SODIS projects are run by local 
governments in region of Tamil Nadu, East India and New Delhi (SODIS, 2010). Research was 
conducted in slums of south Sikkim, India on children under the age of five years over a period of 
seven months, i.e., from 1
st
 May, 2007 to 30
th
 November, 2007. There was a significant decrease 
in diarrhea among those children who used water that had first been treated using the process of 
solar water disinfection. (Rai, Pal, Kar, Tsering, 2010). Similar research was in done in slum areas 
of Vellore, Tamil Nadu, India.  
 100 children under the age of five and 100 age and sex matched were selected for this 
research. Figure 2.21 shows the division of children according to their age in months. 
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Figure2.21. Age distribution of the children in study and control group. (Raj et al., 2010) 
The study was conducted for a period of six months. After the study was completed, it was noted 
that far fewer children using SODIS than those not using SODIS developed diarrheal disease 
(Rose, Roy, Abraham, Holmgren, George, Balraj, Abraham, Muliyil, Joseph, Kang, 2006). The Swiss 
Federal Institute of Aquatic Science and Technology, in collaboration with the government in 
India, started a SODIS project in Tamil Nadu in 2002 and, at the time the research data were 
collected and analyzed, there were 100,000 families there using SODIS, with about  60,000 
families training in the use of SODIS (SODIS, 2010). 
Solar water disinfection in Nepal – Every year in Nepal, about 13,000 children die from 
diarrheal diseases. The Swiss Federal Institute of Aquatic Science and Technology started their 
first project in Nepal in 2003. In collaboration with Department of Health and Ministry of 
Education, descriptions of SODIS were included as a part of textbooks, and now nearly every 
child in Nepal knows about SODIS and knows how to do it. (SODIS, 2010). Research was done by 
five MIT engineering students in Nepal in the 2001. The research was done on evaluating six 
drinking water treatment methods in Nepal, and one of the methods selected for analysis was 
solar water disinfection (e.g., SODIS). As a result of their research, they concluded that solar 
water disinfection was most effective in treating microbiological organisms. The data was 
collected in January 2001 and the water was tested for hydrogen sulfide producing bacteria and 
 total coliforms. The water treated by SODIS showed negative results
There was 92% disinfection for the water that was exposed for one day and 100% 
was noticed in water exposed for two
Solar water disinfection in Pakistan
Bank, 2009) and 16 million people out of that do not have access to safe drinking water. With the 
help of Community Action Program in 2002, 
Technology started the promotion of
use SODIS as a method for disinfect
Weather information about Mesa, Arizona, US
this research were conducted in Mesa, Arizona
is known for its warm climate. Average and high daily temperatures for the Mesa, Arizona area 
are shown in Tables 2.5 and 2.6. 2.6.
Figure 2.22. Map showing locate on Arizona on the map of the U.S.A
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disinfection 
 days (Hurd, Lee, Paynter, Smith, 2001) 
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the Swiss Federal Institute of Aquatic Science and 
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ing water for drinking purposes.  
 – Field experiments conducted during 
 (see Figure 2.22 for location of the state). Arizona 
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Table 2.5  
Monthly Average Temperature for each month for Mesa Recorded for a Period from 1896-2007 
Month  Temperature in Degree Celsius  
January  10.83 
February 12.38 
March  15 
April  18.94 
May  23.38 
June 28.5 
July  31.61 
August  30.61 
September 27.61 
October  21.38   
November 14.83 
December 10.88 
 
 
Table 2.6 
 
Monthly Average Temperature for Mesa Recorded for a Period from 1896-2007 
Month Temperature in Degree Celsius 
January 31.6 
February 35 
March 37.22 
April  41.11 
May  47.7 
June 46.67 
July 48.33 
August 46.11     
September 45 
October 41.67 
November 36.11 
December 30 
 
Table 5 and 6 shows the average and highest temperature of Mesa, Arizona from 1896-2007 
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Chapter 3 
METHODOLOGY  
To learn how to enhance SODIS water temperature, and thereby optimize this research involved 
conducting a series of experiments, analyzing the results of the experiment, and plotting the 
results on graphs. This research involves modifying 2-liter polyethylene terephthalate (PET) 
bottles with inexpensive materials that are easily available even in the developing countries, cost 
effective and low maintenance, and they require very little technical knowledge to actually use. 
All the data that was generated over a period of 4 months and 15 days was physically measured 
by the researcher. This chapter gives information about 
• The location where the experimental apparatus was set up  
•  How the experimental apparatus was designed  
• What types of bottles were used for this research 
•  Different types of materials that were used to modify the bottles  
• How the modifications of the bottles were achieved 
• How data was collected once the experiment was set up 
• What types of thermometers were used to measure temperature inside the bottles and 
in the yard temperature  
•  Problems faced during experimentation 
•  Analyzing the data.  
Location for the experiment 
The experiment was conducted at ECET (Electronics and Computer Engineering Technology) 
Research lab located on 11
th
 Street and East Ulysses Ave at Arizona State University Polytechnic 
campus. The ECET lab at the time of experiment was under the jurisdiction of Dr. Narciso Macia, 
an associate professor of Electronics Systems at Arizona State University, Polytechnic campus. 
With help from Dr. Macia, a new set of keys was requested from Facilities Management at 
 Polytechnic campus. There were several reasons why ECET lab was used for this experiment. The 
yard in the lab where bottles were placed was located at such place that there was no building 
within 100 feet that could cause blockage of sunlight, and the lab was not being used by any 
other students during that time, so there was minimal traffic. That helped keep bottles safe and 
uncontaminated. The following pictures show the area where the exper
Figure 3.1. Picture of ECET Building located at Arizona State University, Polytechnic campus. 
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iment was conducted.  
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Figure 3.2. Picture of the ECET building yard. 
How the experiment apparatus was designed 
The wooden rack on which the bottles were placed during the time of experiment was designed 
at a building called at Snake Pit located on Arizona State University Polytechnic campus. The rack 
was designed with the help of Mr. Al Brown, Director of Environmental Research Initiatives at 
Arizona State University’s Polytechnic campus and a faculty member with the Environmental 
Technology Management program. The rack was built from wooden packing boards left for 
recycling at Technology Center at Arizona State University, Polytechnic campus. It took about 40 
hours to complete the wooden rack to make it ready for the experiment. The length of the 
wooden rack was 10 feet  to accommodate 21 bottles and its height was half feet tall.  
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Figure 3.3. Photo of the wooden rack on completion. 
Bottles used 
 2-liter transparent plastic soda bottles were used for conducting the experiment. These bottles 
were selected because they are easily available in rural areas of developing countries and are of 
low cost. 21 bottles were used for the experiment to have seven triplicate samples. Each bottle 
was then modified with a different kind of material and/or combination of materials on its back 
side as explained later in this section. Before bottles were used for the experiment, all of the 
labels on the bottles were removed. In order to get rid of the label glue, bottles were first soaked 
in a soap solution for 2 days. Once all of the labels were removed, bottles were hand cleaned and 
dried to make sure that bottles surfaces were clean. After the bottles were cleaned, a small hole 
 was made in every bottle cap in order to insert a thermometer inside the bottle to measure 
temperature changes in the water as a function of time during the experiment. 
Figure 3.4. Picture of a Coca Cola bottle whose label has been removed in order to 
pass through the bottle.  
Materials / Modifications 
After 25 bottles were cleaned and a hole was made in every cap, 21 bottles were selected for the 
experiment, and the rest of the bottles were kept as backups. 
Seven types of modifications we
hypothesized to help to raise the temperature of water inside the bottle during exposure to the 
sunlight outdoors. 
The four different types of material were used in the experiment are as 
Material No1 – white paint 
           Kilz2 LATEX Quart White pigmented interior/exterior water based paint was purchased 
from Home depot for $6.98. 
Material No2 – Black paint 
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let sunlight 
 
re done on the bottles using four different materials that were 
follows.  
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            Glidden 1 qt. flat latex exterior paint was used.  It was brought from Home depot for $8.47 
Material No3 – Insulation foam (it was obtained from Home Depot) 
Material No4 – Aluminized mylar (it was obtained from Home Depot) 
Three bottles were used for each type of bottle modification (i.e., the experiments were to be 
run in triplicate) 
Seven different types of modifications were performed done on the 2-liter PET bottles: 
1) Modification no 1 – Clean bottles 
2) Modification no 2 – Bottles with back half painted white  
3) Modification no 3 – Bottled with back half painted black 
4) Modification no 4 – Bottles with insulation on back side 
5) Modification no 5 – Bottles with aluminized mylar on back side 
6) Modification no 6 – Bottles with both black paint and insulation on back 
7) Modification no 7 – Bottles with both aluminized mylar and insulation on back 
All of the modifications were done at the ECET research lab in the month of January, 2010. 
Figure 3.5. Photo of 2 liter PET bottle with half side painted with white paint  
  49 
 
Figure 3.6. Triplicate of bottles with back side painted with white paint 
 
Figure 3.7. Photo of 2-Liter PET bottle with back side covered with insulation.  
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On all the bottles which used insulation or aluminized mylar, thin transparent plastic 
monofilament was used to help hold the material to the bottles. The main reason for using thin 
transparent monofilament as opposed to wire or cord was to minimize blockage of sunlight. A 
small amount of adhesive was used to firmly hold the material on the bottles. Scotch tape was 
used to help hold the material on the tapered portion of the 2-liter plastic bottles. 
Monofilaments are strings made from single nylon or other plastic fiber and are used as fishing 
lines because of their strength. The mono filament brought from Wal-Mart.  
 
Figure 3.8. Photo of 2-Liter PET bottle with back side covered with aluminized mylar.  
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Figure 3.9. Photo of triplicate of 2-Liter PET bottles with aluminized mylar set on the wooden 
rack. 
 
 
Figure 3.10. Photo of 2-liter PET bottle with black paint and insulation on back side.  
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Figure 3.11. Photo of triplicates of bottles with black paint and insulation on the rack. 
 
Figure 3.12. Photo of 2 Liter PET bottle with aluminized mylar and insulation of back side. 
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Figure 3.13. Photo of triplicate of bottles with insulation and aluminized mylar on wooden rack 
 
Figure 3.14. Photo of the bottle with back side painted with black paint.  
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Figure 3.15. Photo of triplicate of bottles with black paint placed on wooden rack 
Experimental Setup  
The wooden rack was set up at the yard of ECET research at the start of experiment.  
All seven sets of triplicates were used at the time of the experiment. Triplicate bottles were 
positioned next to each other. There was a gap of 6 inches between 2 bottles so there was no 
shadow effect. The wooden rack was oriented in such a way that it faced the sun and makes an 
angle of 30°. The top of each bottle was facing north, and the bottom of each bottle was facing 
south. 
  55 
 
Figure 3.16. Photo of all 21 modified bottles placed on the wooden rack facing the sun 
Data Collection 
Once the wooden panel to hold the bottles was made and all the modification of the bottles was 
complete, data collection was started on 1
st
 of February 2010. All of the 21 bottles that were 
modified were kept outside in the sun on the wooden panel starting at 8AM. Temperature 
measurement was done every hour until 5PM. Temperatures in two environments were 
measured during the experiment.  
1) Temperature of the water inside 21 bottles.  
2) ECET lab / yard temperature.  
All the data was noted in a log book and was later transfer in to an Excel file. Last readings of 
temperature were done at 5PM. After completion of readings every day, all thermometers from 
the 2-liter PET bottles were removed and the bottles were stored in the ECET research lab.  
  56 
The data were recorded in a tabular form See table 3.1 for an example 
The experiment was done on every Friday for a period of 3 months and 15 days starting the first 
of February 2010 and ending 15
th
 July 2010. Every time before the experiment was started, all 
the water in the bottles from the previous week was drained out and the bottles were filled with 
fresh tap water. The same procedure was followed every week.  
Table 7  
Data Collection Chart for a Single Day 
Date  9AM 10AM  11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Bottle with 
no 
modification  
30 
31 
30 
34 
34 
35 
38 
38 
38 
42 
42 
42.5 
44 
44 
44 
45 
46 
45 
46 
45 
45 
44 
45 
46 
43 
44 
45 
 
Bottles with 
white paint 
32 
31.5 
32 
36 
34 
36 
40 
40 
39 
43 
43 
42 
44 
44 
44 
45 
46 
46 
45 
46 
46 
44 
45 
45 
44 
44 
45 
 
Bottles with 
black paint 
35 
36 
34 
40 
40 
39 
41 
41 
40.5 
49 
49 
49.5 
51.5 
52 
53 
53 
53 
53 
53 
52 
53 
53.5 
52 
52 
53 
52 
52 
 
Bottles with 
black and 
insulation  
36 
35 
34 
40.5 
39 
39 
46 
45 
45 
50 
51 
51 
54 
53 
54 
56 
55 
56 
55 
54 
56 
54 
54 
55 
54 
54 
54 
 
Bottles with 
insulation 
only  
32 
33.5 
33 
37 
35 
36 
42 
42 
41 
46.5 
47 
47 
49 
49 
48 
50.5 
50 
50 
50 
50 
50 
50 
49 
49 
49 
49 
49 
 
Bottles with 
Mylar only  
30.5 
31 
30 
34 
34 
33 
38 
38 
37 
41.5 
42 
42 
44 
44 
43 
45 
46 
45 
44 
46 
45 
44 
44 
45 
45 
44 
44 
 
Bottles with 
insulation 
and 
aluminized 
mylar 
33 
31 
30 
36.5 
35 
35 
42 
41 
41 
44.5 
45 
45 
47 
48 
48 
49 
50 
50 
51 
50 
50 
49.5 
48 
48 
49 
48 
48 
Yard 
temperature 
30.2 30.1 
 
31.1 
 
33.4 
 
33.9 
 
34.5 
 
35 
 
34.6 
 
32.5 
 
 
Weather 
station 
23.3 
 
27.7        27.7           28.3           31              31.6             32.2          32.2 31.6 
 
Temperature measuring devices 
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Non-mercury thermometers were used for compliance with Arizona State University 
Environmental Health and Safety Standards and the safety of the user. Temperature in the 2-liter 
PET bottles was measured using VEE GEE spirit-filled glass thermometers.  These thermometers 
use kerosene as a liquid for expansion and contraction with temperature instead of mercury. 
Table 8  gives more information about these thermometers. 
Table 8 
VEE GEE Thermometer Specification  
Range -20 to 110°C 
Subdivision 1°C 
Length 12in / 305 mm 
Immersion Total 
Backing White 
Weight 20 g 
Price $2.45 
 
The ECET yard temperature was measured using a QUESTTEMP°10 area heat stress monitor. This 
instrument was borrowed from Mr. Chad Geelhood, Associate Director of the Office of 
Environmental Technology at Arizona State University, Polytechnic campus. For comparison 
purposes, temperature of the city was noted  from The Weather Channel every hour during the 
experiment.  There is a difference in temperature for the ECET yard and the temperature 
reported by the weather station because the public weather station chosen for temperature 
monitoring was at Phoenix Sky Harbor International Airport, located about 21miles from the City 
(Mesa). During the first week of the experiment, the temperature of the yard was measured 
using both a VEE GEE spirit-filled thermometer and a QuestTemp°10 thermometer to see if there 
was a difference in the readings of yard temperature. In the first week it was noted that there 
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was no temperature difference using the different thermometers. Figure 3.9 shows a picture of 
the QuestTemp°10 thermometer. 
 
Figure 3.17. Photo of QUESTEMP°10, Area heat stress monitor.  
 
Problems faced during experimentation.  
 
There were several problems faced in the beginning and during the time of the experimentation.  
Once the wooden rack was ready and moved to ECET research lab, in order to make it secure and 
avoid turning because of wind, big iron pipes were used to hold it down and stakes were inserted 
in the wood down into the ground on each side of the rack and in the middle. Figure 3.12 and 
Figure 3.13 show pictures of how the wooden rack was made secured. After being secured in this 
manner, the rack no longer overturned in high winds.  After one month of the experimentation, 
the glue and scotch tape that was applied on the bottles with insulation or aluminized mylar lost 
most of their adhesives. In order to make sure that the materials were fastened firmly to the 
bottles, 15-20 bottles were re-glued and new scotch tape was applied. In the month of May, 
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some formation of Algae was noticed in some of the bottles. All the bottles which showed signs 
of algae formation were washed with soap solution so there would be no algae in the bottles to 
block the sunlight and reduce the thermal enhancement effect of the added materials. 
 
Figure 3.18.  Stakes inserted in the wooden rack in order to make it stable. 
 
Figure 3.19. Photo of the wooden rack stack down with big iron pipes. 
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Discussion of data analysis methods and graphing 
After every day of the experiment, noted data was transferred in to an Excel file. Temperature in 
all the bottles was compared to the temperature of the city and yard temperature.  
Graphs showing temperature variation in all 21 bottles, city temperature and yard temperature 
were plotted. Mean, Median and Mode and Standard deviation for type of bottles was calculated 
and then the mean values were use to plot graphs. Graph for individual bottles were plotted and 
were compared with each other to see in which bottle was the maximum temperature rise. 
Table 9 
Calculation of Mean, Median, Mode and Standard Deviation for a Particular Week.  
Plain bottle  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 36.5 40 43 42 45 46 46.5 45.5 44 
Data point 2 35 38 43 43 45 46.5 46 45 44 
Data point 3 36 38.5 42 43 46 46 46 45 45 
Mean  35.8 38.8 42.6 42.6 45.3 46.1 46.1 45.1 44.3 
Median  36 38.5 43 43 45 46 46 45 44 
Mode #N/A #N/A 43 43 45 46 46 45 44 
Standard Deviation  0.76 1 0.57 0.57 0.57 0.28 0.28 0.28 0.57 
          
          
White bottle 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 36 39 40 42 42 44 45 45 44 
Data point 2 35 39 40 42 42.5 43 45 45.5 44 
Data point 3 35 38 39.5 42.5 44 43 44 45 45 
Mean  35.3 38.6 39.8 42.1 42.8 43.3 44.6 45.1 44.3 
Median  35 39 40 42 42.5 43 45 45 44 
Mode 35 39 40 42 #N/A 43 45 45 44 
Standard Deviation  0.57 0.57 0.28 0.28 1.04 0.57 0.577 0.28 0.57 
          
          
Black  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 38.5 43 44 47 48 49 51.5 52 51.5 
Data point 2 37 43 45.5 46 47 49.5 51 51 51 
Data point 3 37 44 45 47 48 49 50 51 51 
Mean  37.5 43.3 44.8 46.6 47.6 49.16 50.8 51.3 51.1 
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Median  37 43 45 47 48 49 51 51 51 
Mode 37 43 #N/A 47 48 49 #N/A 51 51 
Standard Deviation  0.86 0.57 0.76 0.57 0.57 0.28 0.76 0.57 0.28 
          
          
Black & Insulation 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 39 43 45 48 48 50 52 54 53 
Data point 2 38 42 46 47 48 50 51.5 53 52 
Data point 3 40 42 45 47 47.5 49 51 53 51.5 
Mean  39 42.3 45.3 47.3 47.8 49.6 51.5 53.3 52.1 
Median  39 42 45 47 48 50 51.5 53 52 
Mode #N/A 42 45 47 48 50 #N/A 53 #N/A 
Standard Deviation  1 0.57 0.57 0.57 0.28 0.57 0.5 0.57 0.76 
          
          
Insulation 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 36.5 40 41 45 44 48 49.5 49 48.5 
Data point 2 35 39 43 44 44 47 49 48 48 
Data point 3 35 39 43 44 45 47 48 48 48 
Mean  35.5 39.33 42.33 44.33 44.3 47.3 48.8 48.3 48.1 
Median  35 39 43 44 44 47 49 48 48 
Mode 35 39 43 44 44 47 #N/A 48 48 
Standard Deviation  0.86 0.57 1.1 0.57 0.57 0.57 0.76 0.57 0.28 
          
          
Mylar  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 36.5 39 40 42 42 45 47 46.5 46 
Data point 2 35 38 40 42 43 45.5 47 47 46 
Data point 3 35 38 41 42.5 43 45 47.5 47 46.5 
Mean  35.5 38.3 40.33 42.1 42.6 45.1 47.1 46.8 46.1 
Median  35 38 40 42 43 45 47 47 46 
Mode 35 38 40 42 43 45 47 47 46 
Standard Deviation  0.86 0.57 0.57 0.28 0.57 0.28 0.28 0.28 0.28 
          
          
Mylar & Insulation  9AM 10A M 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 34.5 38 41 42 43 46 48 49 48 
Data point 2 34 38.5 40 43 44 46 47.5 48 48 
Data point 3 34 38 40 42 44 45.5 47 47.5 47 
Mean  34.1 38.1 40.3 42.3 43.6 45.8 47.5 48.1 47.6 
Median  34 38 40 42 44 46 47.5 48 48 
Mode 34 38 40 42 44 46 #N/A #N/A 48 
 Standard Deviation  0.2 
  
  
 9AM 
Yard Temperature 34.8 
Weather station  28.8 
  
  
bottles 9AM 
Plain Bottle 35.8 
White Bottle  35.3 
Black Bottle  37.5 
Black & insulation 39 
Insulation  35.5 
Mylar  35.5 
Mylar & Insulation  34.1 
Yard Temp 34.8 
Weather station  28.8 
 
Figure 3.20. Graph showing temperature various in different bottles 
Table 9 shows the calculation of mean, median, mode and standard deviation for a particular 
week and figure 3.20 shows how the temperature in various bottles changes during the 8hr 
period of the experiment for the last week of the experimen
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0.28 0.57 0.57 0.57 0.28 0.5 0.76
       
       
10AM 11AM 12PM 1PM 2PM 3PM 4PM
35.3 36.3 35.8 36.6 38.6 39.8 40.4
31.6 31.1 32.2 32.7 33.3 33.8 33.8
       
       
10AM 11AM 12PM 1PM 2PM 3PM 4PM
38.8 42.6 42.6 45.3 46.1 46.1 45.1
38.6 39.8 42.1 42.8 43.3 44.6 45.1
43.3 44.8 46.6 47.6 49.1 50.8 51.3
42.3 45.3 47.3 47.8 49.6 51.5 53.3
39.3 42.3 44.3 44.3 47.3 48.8 48.33
38.3 40.3 42.1 42.6 45.1 47.1 46.8
38.1 40.3 42.3 43.6 45.8 47.5 48.1
35.3 36.3 35.8 36.6 38.6 39.8 40.4
31.6 31.1 32.2 32.7 33.3 33.8 33.8
for 06/14/2010. 
t (06/14/2010) 
 0.57 
 
 
 5PM 
 39.5 
 33.3 
 
 
 5PM 
 44.3 
 44.3 
 51.1 
 52.1 
 48.1 
 46.1 
 47 
 39.5 
 33.3 
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Chapter 4 
RESULTS 
This section discusses results of this research project. In particular, this section discusses and 
analyzes water-temperature data collected in Mesa, Arizona in the first half of 2010 as a function 
of various types of modifications made to solar disinfection (SODIS) bottles. The data is 
presented in this section using, among other things, tables and different forms of graphs, and it is 
also presented in the context of information obtained during the literature review. The data 
shows how the SODIS process can be optimized thermally to enable water in a SODIS bottle to 
reach temperatures at which heat and UV light can more fully synergistically work together to kill 
or inactivate microbiological contaminants potentially present in water that is to be treated to 
make it potable. This thermal optimization can be accomplished via modification of 2-liter PET 
bottles using simple materials that are easily available, cost effective, and in need of little, if any, 
maintenance. The process furthermore requires very little technical knowledge to implement. 
Together, these characteristics make the SODIS modification process as is described here 
potentially suitable for people in developing countries to use. 
 As discussed in Chapter 2, water temperatures in SODIS bottles should ideally be 45 
degrees Celsius or greater so that heat and UV light can act synergistically to kill pathogenic 
microbes 100% within a relatively short time. Temperatures above 30 degrees Celsius are 
reported to disinfect water, but usually this requires exposure to the sun over most of a sunny 
day (e.g., with a cloudless sky), or over the course of two days if clouds partially obscure the 
sunlight. Temperatures around 55 degrees, on the other hand, can generally result in effective 
disinfection in as little as one hour by thermal means alone. In general, regardless of the method, 
the higher the temperature achieved, the better the disinfection rate is.  
 Because it is difficult for water temperatures to reach ideal temperatures under a 
variety of conditions (e.g., during winter or early spring or late fall, on days with cloud cover, 
etc.), any modification of the SODIS bottles that permits the temperature of the water in the 
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bottles to be raised even extra several degrees may increase the effectiveness of the SODIS 
disinfection process and decrease overall treatment time. This may improve the ability of people 
in developing nations to have potable water that will not make them sick. 
 Data from experiments described in Chapter 3 was collected over a four and a half 
month period in 2010 from the outdoor College of Technology and Innovation water-treatment 
research facility yard on the Polytechnic campus at Arizona State University in Mesa, Arizona. 
Temperature data was collected for seven different types of SODIS bottles: 
(1) Unmodified, clear plastic (plain bottles) 
(2) Painted white on the back half of the bottles 
(3) Painted black on the back half of the bottles 
(4) Painted black, with insulation added, on the back half of the bottles 
(5) Unpainted, with insulation added on the back half of the bottles 
(6) Unpainted, with reflective mylar attached to the back half of the bottles 
(7) Unpainted, with reflective mylar attached to the back half of the bottles, and added 
insulation 
 For each type of SODIS bottle, experiments were carried out in triplicate, as explained in 
Chapter 3. Bottle water temperature, yard temperature, and weather station temperature data 
was collected. This data was entered into different excel files and various graphs, which illustrate 
the results.  
 During the experiments, outdoor air temperatures were recorded for comparisons. 
Outdoor temperatures were measured in the outdoor College of Technology and Innovation 
water-treatment research facility yard using the QUESTEMP°10, Area heat stress monitor device 
as described in Chapter 3 and recorded. The following table shows the variation of outside air 
temperature, measured at Arizona State University, Polytechnic campus during the period of the 
experimentation.   
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Table 10 
 Outside Air Temperature Variation 
 Week for that day                                                                    Highest value of outside air temperature  
Week 1 (02/05/2010)                                                                                                               20.00 
Week 2 (02/12/2010)                                                                                                              19.44 
Week 3 (02/19/2010)                                                                                                               18.33 
Week 4 (02/26/2010)                                                                                                               20.50 
Week 5 (03/05/2010)                                                                                                               18.88 
Week 6 (03/12/2010)                                                                                                               28.50 
Week 7 (03/19/2010)                                                                                                               24.44 
Week 8 (03/26/2010)                                                                                                               21.11 
Week 9 (04/02/2010)                                                                                                               21.11 
Week 10 (04/09/2010)                                                                                                             30.00 
Week 11 (04/16/2010)                                                                                                             23.33 
Week 12 (04/23/2010)                                                                                                             22.00 
Week 13 (04/30/2010)                                                                                                             23.88 
Week 14 (05/07/2010)                                                                                                             35.55 
Week 15 (05/14/2010)                                                                                                             32.22 
Week 16 (05/21/2010)                                                                                                             38.80 
Week 17 (06/04/2010)                                                                                                               40  
Week 18 (06/11/2010)                                                                                                                            33.88 
  
 Figure 4.1. Variation in outside air temperature, Mesa. (Data from 
 
                 As noted in the foregoing table and figure, only one week during the four and a half 
month period of testing had a high temperature in the 40
the high temperature for the week.  Average temperatures fo
sunny Arizona, for this time of year, air temperatures did not reach the temperature needed in 
water for the SODIS process to be effective. Enhancement of temperature above the air 
temperature is needed. 
 Placing the water in bottles provides for heating of the water needed to increase its 
temperature beyond the temperature of the air. This occurs because of long
being absorbed by the water. However, the heating effect may not be adequate under some 
conditions, such as when clouds obscure some of the sunlight that otherwise would be entering 
into the bottles. Experiments run during this study show the heating effect that takes place in 
water in the absence of any bottle modification are now discussed.
Analysis of bottles with no modification. 
with no modification, Table 2 shows the temperature of water inside the plain bottles, i.e., those 
having no modification i.e., and the outside air temperatu
the week for each experiment, as referenced in Chapter 3.
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Weather Channel, 2010)
-50 degree Celsius range. And that was 
r that week were lower. So, even in 
-wave infrared light 
 
To illustrate the heating effect for water in the bottles 
re.  Table 2 also gives the number of 
 
 
 
 Table 11  
 
Temperature in Water in Bottles with No Modification vs. Highest Air Temperature, 18 Weeks
 
 Week                 Highest temperature in plain bottl
temperature 
Week 1                                        
Week 2                                             
Week 3                                               
Week 4                                              
Week 5                                               
Week 6                                               
Week 7                                               
Week 8                                               
Week 9                                               
Week 10                                             
Week 11                                             
Week 12                                             
Week 13                                             
Week 14                                              
Week 15                                              
Week 16                                             
Week 17                                             
Week 18                                             
 
 
Figure 4.2. Air temperature and temperature of water in plain bottles (i.e., with no modification)
 
Table 4.2 and Figure 4.2 show that peak temperature of water in the bottles with no modification 
is considerably greater than the peak ou
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tside air temperature for a given week. It can be seen 
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from the table and graph that the peak temperature of water inside a plain 2-liter PET SODIS 
bottle was increased by 9°C to 16°C compared with the peak outside temperature for that week. 
The average difference in peak temperature increase in water in the bottles and the average 
peak weakly air temperature over the time period of experimentation was 12.4 degrees. 
 It appears from Figure 4.2 that plain bottles, i.e., bottles with no modification, are 
unlikely able to achieve synergistic heating/UV effects for water during the winter and spring 
months. Water temperatures above 45 degree Celsius were reached in plain bottles toward the 
end of May and in early June, when the experiment ended.  
 Keeping in mind that this data is for the desert in Arizona, where sunlight is plentiful, 
where the outside temperatures are generally relatively hot, and where there generally are few 
clouds to obscure the sunlight, this points out the general need in not only this, but in most other 
parts of the world, for SODIS water temperature enhancement. Use of plain bottles, without 
enhancement, does not generally allow for year-round heating/UV synergism with consequent 
effective rates of disinfection of water. Even enhancing the temperature by several degrees, 
though, would help achieve a more desirable temperature and, in the warmer months, promote 
a synergistic effect with UV light.   
 
Analysis of bottles with white and black paint. As explained in Chapter 3, modifications done on 
2-liter PET Bottles include painting the back half of each bottle with either white or black paint. 
White paint has a tendency to reflect 85-89% of the incident light. Before this set of experiments, 
it was not known exactly what effect, if any, that this would have on SODIS water temperatures. 
Flat black paint was used in some of the experiments because it was recognized as a heat 
absorber. Furthermore, black paint, as discussed in Chapter 2, has been employed in other SODIS 
experiments. However, measurement of temperatures of water in bottles with backs painted flat 
black over a period of months does not appear to be reported in the published literature. In 
addition, it is not known that others have published data showing a comparison of effects 
 between black-painted bottles and white
that achieved these objectives. The results are shown in Table 12.
Table 12  
 
Water temperature in bottles half
 
 Week                                    Bottles with white paint                                          Bottles with black 
Week 1                                                 
Week 2                                                 
Week 3                                                 
Week 4                                                 
Week 5                                                 
Week 6                                                 
Week 7                                                 
Week 8                                                 
Week 9                                                 
Week 10                                              
Week 11                                             
Week 12                                          
Week 13                                                
Week 14                                             
Week 15                                             
Week 16                                                
Week 17                                               
Week 18                                               
 
 
Figure 4.3. Graph showing variation in temperature in bottles with white and black paint. 
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-painted bottles. This research involved experiments 
 
-painted white and those half-painted black 
 31.67                                                                    
 32.16                                                                    
 30.16                                                                     
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 35.33                                                                      
 36.00                                                                          
 34.67                                                                       
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  43.67                                                                        
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 31.66                                                                  
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 51.83                                                                      
 45.16                                                                       
paint 
39.83 
42.16 
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 A comparison with data for temperature of water in unmodified or plain bottles, as 
given in Table 12, shows that painting the back side of bottles with white paint on the back does 
little, if anything, to change the water temperature. In fact, the temperatures of water in the 
bottles half painted white were, on average, lower than water temperatures for the plain bottles. 
 Painting the backs of bottles with black paint, on the other hand, increased the 
temperature of the water inside of the 2-liter test PET bottles by an average of 7.4 degrees 
Celsius over the period of the experimentation compared to the temperatures of water in plain 
bottles. The median increase on a week by week basis was 7.7 degrees Celsius. The range of 
values of increased temperature was 3 to 10 degrees. Differences for bottles half painted with 
white paint were similar (with a mean of 7.8 degrees Celsius, and median of 8.2 degrees Celsius). 
Painting the backs of bottles with black paint is thus a preferred alternative as it may help to 
achieve a synergic-effect water temperature range and for a longer period of time throughout 
the year. 
 
 As the experiments were carried out with sampling every hour over the course of an 
eight-hour day, it was possible to see how the water temperature varied as a function of time 
during the day. Here are data for bottles with white paint on the back side and bottles with black 
paint on the back side for a particular week (03/05/2010).  
 
 
  
 Table 13 
 
Temperature variation in the bottles with white paint and bottles with black paint on the back 
 
Time of the day                          Bottle with white pa
 
9:00 AM                                                       19.33                                                          
10:00AM                                                      24.0
11:00AM                                                      27.16                                                           
12:00PM                                                     
1:00PM                                                        33.33                                                          
2:00PM                                               
3:00PM                                                        35.66                                                          
4:00PM                                                        
5:00PM                                                        35.33                                                          
 
     
Figure 4.4. Graph showing hou
paint.  
 The figure above and table 4.4 shows how a comparison of temperatures over time on a 
single day of experimentation (03/05/2010) for bottles painted with white paint and those 
painted with black paint on the back sides of the bottles. As seen in this figure, water in the 
bottles with white paint reach lower temperatures in general than the water in the bottles with 
black paint. Also, the difference in water temperatures in the two differ
generally increases throughout the day until peak temperatures are achieved. Bottles with white 
paint only achieve a peak temperature of 36 degrees Celsius during the particular day of this 
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int                             Bottle with black paint 
 21.33 
0                                                           28.16 
34.5 
 31.66                                                           39.12 
 42.00 
         35.16                                                           43.50 
 43.50 
35.16                                                           44.83 
 40.00 
rly temperature variations in the bottles with white and black 
ent types of containers 
 
 
 
 experiment. This is a temperature far less
to trigger a synergistic effect. Temperatures of water in the bottles with black paint also were 
below the synergistic-effect minimum, but they were very close in temperature to that minimum 
for several hours in the mid to late afternoon. With some additional means of thermal 
enhancement, the temperatures could have potentially reached the point where synergism 
between heat and UV light takes place, even in January. 
 
 
 
Figure 4.5. Hourly temperature variation in bottles with black paint, bottles with white paint, and 
air temperatures recorded and published from the Mesa weather station. 
 
 The figure above indicates that even bottles painted white on the backs allow sufficient 
heating of water inside for SODIS to be effective in this part of the Arizona desert in January. A 
similar statement can be made for plain bottles. As reported in Chapter 2, when water is heated 
in the sun to 30 degrees Celsius or above for a period of five to
disinfected by the end of that period. Even better results are obtained for bottles with black 
paint. The above figure shows that there is an increase in the temperature of water in the bottles 
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 than the 45 degrees Celsius considered to be needed 
 
 
 six hours, it will generally be 
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with black paint of 20°C-25°C over reported air temperatures. While the water temperatures did 
not reach the temperature needed for synergistic heating and UV effects to occur, which would 
have allowed for much shorter treatment times, the temperatures were sufficient for adequate 
treatment to have taken place over a full day. 
 Analysis of bottles with black paint and insulation on the back. It was mentioned 
before that an increase in water temperature of only several degrees could under some 
instances be beneficial for SODIS treatment. This small enhancement in temperature could make 
synergistic effects possible in the black painted bottles even in January, and it could increase the 
length of time throughout the year when synergism is achieved. As explained in Chapter 3, one 
possible option conceived of for potentially increasing temperatures was to apply a relatively 
thin layer of foam insulation to the back side of bottles. Although this would not actually prevent 
loss of all heat from the sunlight-heated water, it would decrease the rate of heat loss from the 
bottles by minimizing loss from their back sides.  
Several different options were tried: insulation alone, insulation with the back side of the bottle 
painted black, and insulation with the back side of the bottle covered with reflective mylar. 
 The positive effects were found to be greatest with insulation applied to the backside of 
bottles painted black. The following table compares temperatures of water in the bottles painted 
black on the back side and water temperatures in bottles painted black on the back side but also 
covered with a layer of insulation.  
 
 
 
 
 
  
 Table 14 
 
Temperature Variation in the Bottles with only Black Paint and Bottles with Black Paint and 
Insulation on the Back, for all the W
 
 Week                                                   
                                                                                                                             
Week 1                                                
Week 2                                                 
Week 3                                                  
Week 4                                                    
Week 5                                                     
Week 6                                                     
Week 7                                                       
Week 8                                                        
Week 9                                                         
Week 10                                                       
Week 11                                                        
Week 12                                                         
Week 13                                                          
Week 14                                                           
Week 15                                                            
Week 16                                                              
Week 17                                                              
Week 18                                                           
 
Figure 4.6 Peak water temperatures in bottles with black paint only and bottles with black paint 
and insulation, week by week. 
 
 Figure 4.6 and table 14 shows a significant difference in water temperature between 
bottles with only black paint and bott
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eeks 
Bottles with black paint                               Bottles with black
         paint and insu
 39.83                                                   
 42.16                                                    
 39.33                                                 
 42.67                                                 
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 41.83                                                   
 43.33                                                   
 43.67                                                   
 52.67                                                   
 40.50                                                    
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 42.16                                               
 56.16                                               
 53.00                                                     
 53.33                                              
 58.00                                                     
 51.33                                             
 
les with black paint and insulation. It is clear from this 
 
lation 
  41.33 
44.50 
41.67 
44.00 
48.00  
45.66 
45.83  
46.00  
46.16 
54.16  
43.16  
41.67  
45.83 
58.66 
58.00  
58.00 
60.16  
53.13  
 
 figure that combining insulation with black paint helps increase the water temperature in the 
SODIS bottles.  The degree of thermal enhancement, based on the difference in water 
temperature between the average of triplicate samples for each type of modified bottle, is 
shown in Figure 4.7 below: 
Figure 4.7 Differences in peak water temperatures between sample bottles with black paint plus 
insulation and sample bottles with black paint only, week by
 
                       The figure above shows that the addition of insulation to a bottle whose back side is 
painted black generally increases the peak water temperatures by several degrees. Over the 18
week timeframe of the experiment, the mean di
this may not seem like a lot, it was sufficient to increase the number of weeks having synergistic 
45+ degree water temperatures. Adding this enhancement also pushed back the start of 
synergistic activity five weeks earlier into the year. Temperature data is summarized in the table 
below: 
 
 
 
 
Table 15 
 
Influence of Addition of Insulation to Black
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 week. 
fferential temperature was 2.8 degrees. While 
-Painted Bottles during Experiment 
 
-
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Bottle Modification No. of Wks T > 30 C No. of Wks T > 45 C   No. of Wks T >55 C 
Black paint only  18   6 (33%)   2 (11%) 
Black paint plus  18   12 (67%)                 4 (22%) 
    insulation 
 
It is apparent that the number of weeks in which the water temperature exceeded 45 degrees 
Celsius doubled from six to 12, and that the number of weeks with water temperatures 
exceeding 55 degrees also doubled from two to four. While results would likely vary from 
geographic location to geographic location, and from one season to another, it is apparent that 
the extra enhancement gained by adding insulation is potentially valuable. 
 Insulation only. This raises the question of how effective adding insulation only to the 
backs of the bottles would be. Table 8 compares peak water temperature in the bottles with 
insulation on the back to peak water temperature in bottles with white paint and bottles with 
black paint only on the back sides of the bottles.  
 Table 16 
 
 Peak Water Temperature in Bottles with only Insulation on the Back Sides, Bottles with White 
Paint on Back, and Bottles with 
 
Week     Bottles with insulation  Bottles with white paint on back  Bottles with black paint on back
Week 1                   38.5                                      
Week 2                   39.83                                     
Week 3               39.33                                    
Week 4                 39.66                  
Week 5                 44.16                                    
Week 6                   42.66                                    
Week 7                    41.66                                    
Week 8                     42.55                                     
Week 9                      46.16                                         
Week 10               49.83                                           
Week 11                  40.66                                           
Week 12                   36.16                                           
Week 13                    40.00                                           
Week 14                      52.67                                      
Week 15                      50.67                                          
Week 16                        53.00                                           
Week 17                     55.33                                           
Week 18                     48.83                                         
 
 
 
Figure 4.8. Comparison of bottles with insulation, black paint and white paint (Week by week). 
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Black Paint on Back.  
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It can be seen for the above table and graph that adding insulation to the back of the otherwise 
unmodified bottles significantly increases the water temperature compared to painting the back 
side of the bottles white, which, as explained before, is nearly equivalent in terms of thermal 
enhancement as leaving the back side of the bottles unmodified. The average enhancement in 
temperature is 6.7 degrees. Over the entire course of experimentation, the water temperature 
rose above that needed for the initiation of synergism for seven weeks, instead of just five.  
 It appears that the enhancement effect was generally greater on both an absolute and a 
relative basis during the colder weeks of the experimental period. Over the first half of the 
experimental period, the average increase in temperature was 7.7 degrees Celsius, whereas over 
the last half of the experimental period, the average increase was only 4.8 degrees Celsius. 
It is also apparent that, in general, the use of foam backing by itself is not as effective an 
enhancement as is painting the back half of the bottle by itself. Figure 4.9 shows the fractional 
enhancement as a function of week. Fractional enhancement is obtained by dividing the 
enhancement of using just insulation by the enhancement of using only black paint. A value of 
1.0 would indicate that using foam backing was as effective as using black paint. A value of less 
than 1.0 means that using foam backing was not as effective. A three-point moving average curve 
is also shown in the figure, roughly indicating the relative enhancement trend over time. During 
the earlier part of the year, the relative enhancement, while generally not as good as that 
obtained using black paint, was nearly as good (e.g., 0.85-1.3). The three-point moving average 
for the relative enhancement, however, fell to about 0.6 or 0.7 toward the end of the 
experiment, during the months of May and June. 
 
  80 
 
Figure 4.9. Fractional enhancement (relative effectiveness of using just foam compared to using 
just black paint) as a function of week of experiment. The curve shown is a three-point moving 
average, used to indicate rough trends in fractional enhancement over time. 
 
 Thermal enhancement due to use of foam may have several components. The foam 
used was of a dark gray color, so it most likely was absorbing infrared light, much as black paint 
would, although it is likely that it was not to the same extent. However, not all of the thermal 
enhancement noted was likely due to the color of the foam. As pointed out earlier in this 
chapter, when the back sides of bottles were painted black, and foam was then added behind the 
paint, the average water temperature enhancement was nearly three degrees higher on average. 
This suggests that at least some of the thermal enhancement, whether using foam in conjunction 
with black paint, or by itself, is due to some other factor, most likely the insulating properties of 
the foam. In the case of bottles modified using both black paint and foam, infrared light, when 
hitting the black paint, was absorbed, resulting in heating of the black paint. Without insulation, 
some of this heat was undoubtedly lost to the air in contact with the back side of the bottles, 
0 
0.2
0.4
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0.8
1 
1.2
1.4
0 2 4 6 8 10 12 14 16 18 20
Weeks
Fractional 
Enhancement
  81 
most likely due primarily to convection, and to some extent conduction, because the air 
temperature was significantly lower than the bottle and paint temperature. With bottles having 
insulation on the back of the black paint, however, the ability of the heat to move from the black 
paint to the external air was substantially limited. This insulating ability of the foam to enhance 
water temperatures in the bottles is thus thought to account for at least part of the 
enhancement observed with just the use of foam. 
 The fact that use of insulation without black paint works almost as well as using black 
paint by itself during the colder months of the year means that insulation by itself may 
potentially be used in place of black paint, if black paint is not available.  Of course, using black 
paint would be preferable over just using foam, and using both black paint and foam would be 
ideal. 
The next table, Table 17, and the next figure, Figure 4.10, show water temperature for a 
particular day of the experiment for bottles with insulation and bottles with no modification. The 
data is for Week 3 (02/19/2010), during a relatively cold time of year for Arizona. 
 Table 17 
 
 Temperature of Water in Bottles with Insulation and in Unmodified Bottles Over One D
 
 
Time of day         Bottles with insulation   
 
9:00AM                                           15.33                                               14.83
10:00AM                                         17.16                                               16
11:00AM                                          23                                                    20
12:00PM                                          2
1:00PM                                            34.50                                                28.50
2:00PM                                            38.16                                  
3:00PM                                            39.33                                                31.16
4:00PM                                            39.16                                                30.50
5:00PM                                            
 
 
 
 
 
Figure 4.10. Temperature of water in bottles with insulation and in unmodified bottles over one 
day during the 3
rd
 week. 
 
Keeping in mind that SODIS works effectively over the period of a single day only when the water 
temperature reaches at least about 30 degrees Celsius for a period of five to six hours, it is 
apparent that using insulation on the back side of a bottle is m
plain clear bottle. In the example shown in Figure 4.10, the water in the unmodified triplicate 
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  Bottles with no modification  
 
 
 
8.50                                               24.16 
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37                                                      28.67 
ore valuable than simply using a 
ay. 
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sample bottles reached the needed temperatures for only three hours over an eight-hour period 
of the day of the experiment. By comparison, the water in the triplicate foam-modified bottle 
samples reached the needed temperature for at least five hours, and, based on the trends shown 
in Figure 4.10, there would most likely have been at least another additional hour or two of 
sufficiently high water temperatures after the end of the experimental recording for that day. 
 Analysis of bottles with aluminized mylar. Use of aluminized mylar was a modification 
made to some bottles as explained in Chapter 3. Aluminized mylar was used because of this 
material can reflect light, and particularly, UV light. Aluminized mylar has been used in some 
instances to enhance the rate and extent of disinfection. This is attributed to additional UV light 
coming into the water due to reflection from the aluminized mylar. However, prior to running 
these experiments, it was uncertain to what extent, if any, the use of aluminized mylar would 
change the water temperature. 
 Table 18 compares, for the entire set of experiments, daily peak temperature of water 
in bottles with aluminized mylar backings and daily peak temperature of water in bottles without 
any aluminized mylar modification. For comparison purposes, the reported daily maximum 
outside air temperatures for the City of Mesa are also shown.  
 
 
 
 
 
 
 
 
 
 
 Table 18  
Peak Water Temperatures in Bottles with Aluminized Mylar Backing Compared with Peak Water 
Temperatures in Bottles with no M
Weeks      Bottles with no modification       Bottles with aluminized
Week 1                          
Week 2                          
Week 3                                    
Week 4                                   
Week 5                                      
Week 6                                     
Week 7                                     
Week 8                                     
Week 9                                    
Week 10                                   
Week 11                                    
Week 12                                      
Week 13                                   
Week 14                                        
Week 15                                       
Week 16                                          
Week 17                                        
Week 18                                      
 
Figure 4.11. temperature comparison for water in bottles with aluminized mylar
in bottles with no modification, and air temperature for the City of Mesa. 
 
 Figure 4.11 and Table 18 show that the aluminized mylar does appear to help in 
enhancing water temperature, particular during colder times of year (e.g., Weeks 1
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 49.00                                           52.67             35.55                     
 45.33                                         45.33           32.22                         
 52.00                                            50.16           38.80                
 51.66                                        52.16           40.00                 
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early weeks, there appears to be a significant difference in water temperature (a few degrees) 
recorded for bottles with aluminized mylar modification compared to bottles with none.  This 
difference in temperature does not appear to be pronounced or as consistent for weeks later in 
the year (e.g., Weeks 10-18). So, whereas much of the value of using aluminized mylar may lie in 
the fact that this material is a good reflector of UV light, which increases the disinfectant 
properties of appropriately modified SODIS bottles, there also appears to be thermal 
enhancement. 
 However, the thermal enhancement achieved pales in comparison with that achieved 
using black paint backing for thermal absorption. The following table compares temperatures of 
water in bottles with aluminized mylar backing to temperatures of water in bottles with black 
paint, bottles with black paint and insulation and bottles with white paint on the back. 
Table 19  
 
Peak Water Temperatures in Bottles with Aluminized Mylar Backing Compared with Peak Water 
Temperatures in Bottles with White Paint, Black Paint, or Black Paint Plus Insulation 
 
Week       Bottles with     Bottles with black paint       Bottles with black     Bottles with 
                  white paint                                                     paint and insulation   aluminized mylar 
 
Week 1            31.67                            39.83                                 41.83                        34.16 
Week 2            32.16                            42.16                                 44.5                          35.16 
Week 3            30.16                            39.33                                 41.67                        34.16 
Week 4            32.88                            42.67                                 44.00                        34.33 
Week 5            35.33                            44.83                                 44.83                        38.00 
Week 6            36.00                            42.67                                 45.67                        38.33 
Week 7            34.67                            42.83                                 45.83                        37.00 
Week 8            34.00                            43.33                                 45.00                        36.67 
Week 9            35.50                            43.67                                 46.16                        36.83 
Week 10          43.67                            52.67                                 54.16                        44.67 
Week 11          33.83                            40.50                                 43.16                        36.50 
Week 12          31.66                            38.00                                 40.33                        33.16 
Week 13          35.50                            42.16                                 45.83                        37.50 
Week 14          48.33                            56.67                                 58.33                        52.67 
Week 15          45.67                            53.00                                 55.66                        45.33 
Week 16          50.00                            55.33                                 58.00                        50.16 
Week 17          51.83                            58.00                                 60.10                        52.16 
Week 18          45.16                            51.33                                 53.33                        47.16 
 Figure 4.12. This compares peak weekly temperatures in water in bottles having various 
modifications, including that of applying aluminized mylar as a backing. 
 
 It can be seen from Figure 4.12 that use of an aluminized mylar backing on 2
bottles generally helps increase the temperatur
does painting the back half of a bottle white. However, the increase in temperature attained is 
far less than that attained by painting the back half of a bottle bla
layer of insulation on the back. 
 However, if black paint or insulation is not available, but aluminized mylar is, then 
applying aluminized mylar as a backing on bottles and placing the bottles in the sunlight can 
increase the temperature of water inside the bottles relative to the ambient air temperature. The 
following table and figure show water temperature in bottles with aluminized mylar compared to 
the outside air temperature.  
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-liter PET 
e of water inside a bottle to a greater extent than 
ck, or doing that plus applying a 
 
 
 Table 20 
 
Water Temperature in Bottles with Aluminized Mylar and Outside Air T
 
Time of the day (06/11/2010)        Bottles with aluminized mylar       Outside air temperature
                                                                                                                             
9:00AM                                                          
10:00AM                                                        
11:00AM                                                         
12:00PM                                                            
1:00PM                                                                
2:00PM                                                                
3:00PM                                                                  
4:00PM                                                              
5:00PM                                                                 
 
Figure 4.13. This shows water temperature in the bottles with aluminized mylar and outside air 
temperature.  
 
 Aluminized mylar and insulation on backs of bottles. 
on the back of the 2 liter bottles, insulation was added over that to see if there was an increase in 
the temperature of water inside 2
this type of modification, it seems that there is generally a sligh
in the bottles with aluminized mylar and insulation compared to that for water in bottles with 
only aluminized mylar. This appears to be most prominent in the afternoon. The afternoon 
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emperature 
      
 35.5                                                      28
 38.33                                                    31.66
 40.33                                                     31
 42.16                                                     32.22
 42.67                                                     32.77
 45.16                                                     33.33
 47.83                                                     33.88
 46.83                                                     33.88
 46.16                                                      
After applying aluminized mylar 
-liter PET bottles. After an analysis of the data associated with 
t increase in water temperature 
 
.88 
 
.11 
 
 
 
 
 
33.33 
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temperature of water in the bottles with aluminized mylar and insulation was generally 1-4°C 
higher than the temperature of water in bottles with only aluminized mylar.  
. 
 Table 21  
 
Water Temperatures in Bottles
Aluminized mylar plus Insulation.
 
Time of the day (6/11/10)    Bottles with only aluminized mylar            Bottles with
                                                                                                                     
                                                                                                                              
  
9:00AM                                         
10:00AM                                        
11:00AM                                         
12:00PM                                            
1:00PM                                                  
2:00PM                                                   
3:00PM                                                    
4:00PM                                                     
5:00PM                                                     
 
 
Figure 4.14. This figure shows water temperatures for bottles with only aluminized mylar and 
bottles with aluminized mylar and insulation.
 
 Table 21  compares peak daily water temperature for bottles with aluminized mylar and 
insulation compared with that for bottles with only aluminized mylar over the entire period of 
the experiment. 
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 with only Aluminized Mylar compared to those in Bottles with 
 
 
aluminized mylar&  
insulation    
 35.50                                               34.16 
 31.33                                               30.66 
 36.33                                               36.66 
 40.5                                                 41.33 
 43.67                                               46.33 
 48.00                                               50.00  
 52.66                                               51.67 
 49.67                                               53.33 
 48.00                                               50.67 
 
 
  
 
Table 22 
 
 Peak Daily Water Temperatures for Bottles with Aluminized Mylar and With and Without 
Insulation 
 
Week                      Bottles with Aluminized Mylar                             Bottles with Aluminized Mylar 
                                                        
 
Week 1                                  
Week 2                                    
Week 3                                    
Week 4                                  
Week 5                                     
Week 6                                     
Week 7                                       
Week 8                                        
Week 9                                       
Week 10                                 
Week 11                                    
Week 12                                     
Week 13                                      
Week 14                                       
Week 15                                         
Week 16                                          
 Week 17                                           
Week 18                                            
 
Figure 4.15. This shows a comparison of water temperature for bottles with only aluminized 
mylar to that for bottles with both aluminized mylar
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                                                                           and insulation
34.16                                               36.83 
35.16                                            40.00  
34.16                                            37.16 
34.33                                               37.83 
38.00                                                       42.16 
38.33                                                41.67 
37.00                                                     40.16 
 36.67                                                41.16 
36.83                                                      40.67 
44.67                                                        48.16 
36.5                                                          38.83 
33.16                                                          36.16 
 37.5                                                              40.16 
 52.62                                                        53.33 
 45.33                                                        50.66 
 50.16                                                         52.00 
 52.16                                                          54.16                                                          
 47.16                                                           53.33 
 and insulation.   
 
 
 
 
 Table 23 
 
 Comparison of Mean Temperatures for Water in all B
Temperature and Temperature of the C
 
Bottles 9AM 
  
Plain Bottle 34.5 
White Bottle  35.5 
Black Bottle  40.1 
Black & insulation 46.5 
Insulation  34.5 
Mylar  34.8 
Mylar & Insulation  34.1 
Yard Temp 35.1 
Weather station  33.3 
 
Figure 4.16. This figure shows mean temperatures for triplicate samples for a variety of bottle 
modifications as well as yard temperature and reported City of Mesa temperature for 
2010. 
 It is apparent from Table 23
dramatically increases the temperature of the water within the bottle when it is heated by 
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ottles used along with the Yard 
ity for June 4
th
, 2010. 
10AM 11AM 12PM 1PM 2PM 3PM 4PM
       
39 43.8 48 51.1 51.3 51.6 50.3
40.3 44.5 48.3 50.8 51.6 51.8 51.6
45.5 50.6 54.8 56.6 57.6 58 57
45.6 51.1 55.8 58.6 60 60.1 59.3
40.1 45.16 51.6 54.1 54.8 55.3 54.8
39.1 43.5 49.1 50.8 51.8 52.1 51.5
38.6 45 49.3 52.6 53.6 54.1 53.5
36.8 37.8 38.3 39.3 39.7 41 40.2
32.7 33.3 36.1 37.7 38.8 40 39.4
 and Figure 4.16 that use of SODIS in any type of bottle 
 5PM 
 
 49.1 
 51.1 
 56.1 
 58.6 
 54.5 
 51.1 
 53.1 
 40 
 39.1 
 
June 4
th
, 
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sunlight compared with the ambient air temperature. As evident from Figure 4.16, such increases 
can be as high as 20 degrees Celcius.  
 Furthermore, modifications made to SODIS bottles can greatly increase the water 
temperature beyond this. While white paint does little, if anything to increase the water 
temperature, using a reflective mylar backing slighly increases the water temperature. Adding 
insulation to the mylar backing increases water temperature by an additional 1-4 degrees Celsius. 
Using insulation by itself increases the water temperature even more, apparently because the 
dark color of the insulation allows the insulation to absorb more heat. Painting the back sides of 
bottles black increases water temperature greatly compared to using just a plain bottle or a 
bottle painted half white. The greatest thermal enhancements for water in SODIS bottles tested 
to date appears to be associated with using black paint backing with insulation behind that. The 
black paint presumably absorbs heat, helping to heat the water, and the insulation apparently 
helps keep the heat from leaving the water in the bottle so quickly. Using black paint and 
insulation throughout the afternoon hours of a day may increase the water temperature in a 
SODIS bottle by as much as 8-10 degrees Celsius compared to that in a plain bottle.  
 This may be very significant. When water temperatures in a SODIS bottle reach about 45 
degrees Celsius, and higher, then synergistic effects between UV light and water temperature 
can more effectively kill microbes and act to disinfect the water. Because many regions of the 
earth lack easily accessible, clean water, and because many variables may tend to act so as to 
inhibit solar disinfection (such as cloud cover, winter seasons, etc.), any thermal enhancements 
are welcome, especially if relatively inexpensive. By using black paint and insulation, two 
materials that are relatively cheap, it may be possible for SODIS users to greatly enhance the 
disinfection process. 
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Chapter 5 
CONCLUSIONS 
In rural parts of developing countries, water exists in limited quantities and, often, that water 
does not meet U.S. or WHO drinking water standards. In SODIS, a form of solar water 
disinfection, 2-liter PET bottles are filled with water and kept outside for exposure to the sunlight 
to disinfect microbiologically contaminated water and make it potable. Modifications made using 
four different types of materials in combination with each other to enhance typical SODIS 
effectiveness were shown in this research to help improve the thermal part of the disinfection 
process. Through this research, it was found that certain materials if used alone or with each 
other, helped with enhancing the temperature of water inside 2-liter PET bottles to a great 
extent when compared to using plain, clear bottles and helped achieve synergistic effects at a 
faster rate than other materials used.  
 Using the four materials chosen, six different types of modifications on the bottles were 
achieved in addition to the use of plain, clear bottles: 
* bottles with white paint on the back sides 
* bottles with aluminized mylar on the back sides 
* bottles with aluminized mylar and insulation on the back sides 
* bottles with only insulation on the back sides 
* bottles with black paint on the back sides 
* bottles with black paint and insulation on the back sides 
Each of these modifications, with the exception of the use of white paint on the back sides of 
bottles, enhanced thermal processes, increased temperature, and acted to increase the potential 
for synergistic heating and UV irradiation. The modifications are listed in order of thermal 
enhancement. 
The combination that worked best during all the weeks of the experiment and had maximum 
temperature and temperature rise when compared with bottles with no modification or clear 
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bottles were bottles with black paint and insulation on their backs. These worked very well in 
enhancing the water temperature in 2-liter PET bottles when compared to bottles with other 
materials or/and combinations of materials. Black paint absorbs heat, and insulation helps 
prevent heat loss. 
 By way of example, Table 24 shows the data for the first week of June (06/04/2010) 
when maximum water temperatures reached 60°C in the bottles with black paint and insulation 
on the back sides, whereas for clear bottles, the maximum temperature was 51.67 °C, when the 
ambient temperature outdoors in the city was 40°C.  
 
Table 24 
Temperature Variation in the Bottles for the Week with Highest Temperature in the Bottles 
Bottles 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Plain Bottle 34.5 39 43.8 48 51.1 51.3 51.6 50.3 49.1 
White Bottle  35.5 40.3 44.5 48.3 50.8 51.6 51.8 51.6 51.1 
Black Bottle  40.1 45.5 50.6 54.8 56.6 57.6 58 57 56.1 
Black & insulation 46.5 45.6 51.1 55.8 58.6 60 60.1 59.3 58.6 
Insulation  34.5 40.1 45.16 51.6 54.1 54.8 55.3 54.8 54.5 
Mylar  34.8 39.1 43.5 49.1 50.8 51.8 52.1 51.5 51.1 
Mylar & Insulation  34.1 38.6 45 49.3 52.6 53.6 54.1 53.5 53.1 
Yard Temp 35.1 36.8 37.8 38.3 39.3 39.7 41 40.2 40 
Weather station  33.3 32.7 33.3 36.1 37.7 38.8 40 39.4 39.1 
      
 Figure 5.1 shows the graph comparing temperature in different 2
yard temperature.  
 The second best choice 
insulation is not available. The difference
insulation and that of bottles with only black paint is 
is using only insulation, if black paint is not 
difference of 2-3°C in bottles with black paint on the back side and bottles with onl
the back side. For water in bottles with white paint on the back, 
mylar, there was usually not a significant temperature 
bottles.  
Recommendations 
The author suggests the following recommendations for further study:
a) It is suggested that research should be conducted 
materials in other parts of
rural areas of developing countries where SODIS is already used. 
b) Research should be done to find materials other than white paint, black paint, 
insulation and aluminized mylar 
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-liter PET bottles with city and 
for bottles is using only black paint, which may be possible 
 in temperature of the bottles with black paint and 
generally about 2-3°C. The third best choice 
available. It can be seen from Table 5.1 that there is
y insulation on 
or bottles with just aluminized 
difference compared with water in 
 
using the same type of modification 
 the world, to see differences in temperature, especially in 
 
that can help in increasing the temperature of the 
 
if 
 a 
clear 
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water inside 2-liter PET bottles, keeping in mind the needs for low cost, easy 
availability and minimal technical expertise required to use those materials. 
c) During the time of the experiment, only the temperatures of water in different SODIS 
bottles were recorded; no emphasis on bacterial inactivation rate was assessed. 
Research can be conducted involving laboratory analysis of the data collected at the 
end of each day of the experiments to find out the amount of bacterial inactivation in 
the bottles with different types of modifications.  
d) The experiment should be done by tracking the movement of the sun, in other words 
to see if there is a difference in the values of temperature if the bottles were 
continually moved as with the movement of the sun.  
e) Research can be done on different type of adhesives that can be used to hold material 
on the bottles which can last longer.  
f) Research should be done to find out the reason for formation on algae in the bottles 
in the summer time and ways to prevent it.  
g) Water from all the bottles should be drained out immediately after weekly completion 
of eight hours of sun exposure; this may help in reducing algae formation in the PET 
bottles 
h) It is recommended that researchers check the accuracy of all the temperatures before 
starting the experiment 
i) In this experimentation, bottles were placed on a wooden rack which made on angle 
of 30° with ground. Research should be done to see if the angle at which the bottles 
are kept makes any significant difference in the values of temperature of the water 
inside 2-liter PET bottles. 
j) This set of experiments was conducted during a certain period of the year, starting on 
1
st
 of February 2010 and ending on 15
th
 of June 2010. It is recommended to see how 
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the values of temperature change if the experiment was conducted during other 
periods of the year. 
k) The bottles were kept in the sun for a period of 8hrs, starting from 8am until 5PM. It is 
recommended to see how the temperature varies in the bottles at night time and if 
the bottles are kept for a period of 24hrs rather than 8hrs. 
l) The same set of bottles were used from the beginning till the end of the experiment. It 
is recommended to research how often the bottles should be replaced so that the 
efficiency of SODIS process is not affected.  
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APPENDIX A  
DATA COLLECTED FROM 1
ST
 FEBRUARY 2010 – 15
TH
 JUNE 2010 
Plain bottle  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 16.5 18.5 21 25.5 29.5 31 32 29 27 
Data point 2 17 18.5 21 24.5 28.5 30 31 28 27.5 
Data point 3 16.5 19 21.5 26.5 30 32 32 28.5 26 
Mean  16.66 18.66 21.16 25.5 29.33 31 31.6 28.5 26.83 
Median  16.5 18.5 21 25.5 29.5 31 32 28.5 27 
Mode 16.5 18.5 21 #N/A #N/A #N/A 32 #N/A #N/A 
Standard Deviation  0.28 0.28 0.28 1 0.76 1 0.57 0.5 0.76 
          
White bottle 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 17 19.5 21.5 26 29.5 31 31 28 27.5 
Data point 2 17 20 22 26.5 30 32 31.5 28 28 
Data point 3 17 20 22.5 27 30.5 32 32.5 29 28 
Mean  17 19.8 22 26.5 30 31.6 31.6 28.3 27.8 
Median  17 20 22 26.5 30 32 31.5 28 28 
Mode 17 20 #N/A #N/A #N/A 32 #N/A 28 28 
Standard Deviation  0 0.28 0.5 0.5 0.5 0.57 0.76 0.57 0.28 
          
Black  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 18.5 23 26 33 38 40 39 35 32 
Data point 2 18.5 23 26 32.5 37 40 39.5 35 32 
Data point 3 18.5 23 26.5 33 37 39.5 39.5 35 33 
Mean  18.5 23 26.1 32.8 37.3 39.8 39.3 35 32.3 
Median  18.5 23 26 33 37 40 39.5 35 32 
Mode 18.5 23 26 33 37 40 39.5 35 32 
Standard Deviation  0 0 0.28 0.28 0.57 0.28 0.28 0 0.57 
          
Black & Insulation 9AM 10AM 11AM 12PM 1M 2PM 3PM 4PM 5PM 
Data point 1 19 23 26 32 39 41 42 38 38 
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Data point 2 19 23 26 32 38.5 41 42 38 36 
Data point 3 19 23 25.5 32.5 38 42 41.5 39 36 
Mean  19 23 25.8 32.16 38.5 41.3 41.8 38.3 36.6 
Median  19 23 26 32 38.5 41 42 38 36 
Mode 19 23 26 32 #N/A 41 42 38 36 
Standard Deviation  0 0 0.28 0.28 0.5 0.57 0.28 0.57 1.15 
          
Insulation 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 18 21.5 24.5 31.5 36 38 39 35 34 
Data point 2 18 21.5 24.5 30.5 36 38.5 39 35 34 
Data point 3 18.5 22 25 30.5 36 39 37 35.5 33 
Mean  18.1 21.6 24.6 30.8 36 38.5 38.3 35.1 33.6 
Median  18 21.5 24.5 30.5 36 38.5 39 35 34 
Mode 18 21.5 24.5 30.5 36 #N/A 39 35 34 
Standard Deviation  0.28 0.28 0.28 0.57 0 0.5 1.1 0.28 0.57 
          
Mylar  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 16.5 19.5 22 27 31 34 34 31 30 
Data point 2 18 20.5 23 27 31.5 34 34.5 31 30 
Data point 3 18 20 23 27 31 34 34 32 29.5 
Mean  17.5 20 22.6 27 31.1 34 34.1 31.3 29.8 
Median  18 20 23 27 31 34 34 31 30 
Mode 18 #N/A 23 27 31 34 34 31 30 
Standard Deviation  0.86 0.5 0.57 0 0.28 0 0.28 0.57 0.28 
          
Mylar & Insulation  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 18 21 24.5 29 34 37 36 34 33 
Data point 2 17 21.5 23 29 34 36.5 37 34 33 
Data point 3 17.5 21 24 29.5 34 36 37.5 35 34 
Mean  17.5 21.1 23.8 29.1 34 36.5 36.8 34.3 33.3 
Median  17.5 21 24 29 34 36.5 37 34 33 
Mode #N/A 21 #N/A 29 34 #N/A #N/A 34 33 
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Standard Deviation  0.5 0.28 0.76 0.28 0 0.5 0.76 0.57 0.57 
          
 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Yard Temperature 16.7 19.3 19.9 23.6 25 23.8 22.6 21.2 21 
Weather station  12.2 13.8 17.7 17.7 18.8 20 20 20 19.4 
Bottles 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Plain Bottle 16.6 18.6 21.1 25.5 29.3 31 31.6 28.5 26.8 
White Bottle  17 19.8 22 26.5 30 31.6 31.6 28.3 27.8 
Black Bottle  18.5 23 26.1 32.8 37.3 39.8 39.9 35 32.3 
Black & insulation 19 23 25.8 32.1 38.5 41.3 41.8 38.3 36.6 
Insulation  18.1 21.6 24.6 30.8 36 38.5 38.1 35.1 33.6 
Mylar  17.5 20 22.6 27 31.1 34 34.1 31.3 29.8 
Mylar & Insulation  17.5 21.1 23.8 29.1 34 36.5 36.8 34.4 33.3 
Yard Temp 16.7 19.3 19.9 23.6 25 23.8 22.6 21.2 21 
Weather station  12.2 13.8 17.7 17.7 18.8 20 20 20 19.4 
 
Plain bottle  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 14.5 17 21 25 29 30 32 30.5 29.5 
Data point 2 15 17 22 26 30 31 33 31.5 30 
Data point 3 14.5 18 23 25 29 32 34 32 30 
Mean  14.6 17.3 22 25.3 29.3 31 33 31.3 29.8 
Median  14.5 17 22 25 29 31 33 31.5 30 
Mode 14.5 17 #N/A 25 29 #N/A #N/A #N/A 30 
Standard Deviation  0.28 0.57 1 0.57 0.57 1 1 0.76 0.28 
          
          
White bottle 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 15 18 23 25 29 31 32 32 30 
Data point 2 15 18 22 25 29.5 31 32 32 30.5 
Data point 3 15.5 18.5 22 26 29 31 32.5 32 30 
Mean  15.1 18.1 22.3 25.3 29.1 31 32.1 32 30.1 
Median  15 18 22 25 29 31 32 32 30 
Mode 15 18 22 25 29 31 32 32 30 
Standard Deviation  0.28 0.28 0.57 0.57 0.28 0 0.28 0 0.28 
          
          
Black  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
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Data point 1 16.5 22 28 33 38 39 41 40 38 
Data point 2 17 22 28.5 34 39 40 42 41.5 40 
Data point 3 17 22.5 28.5 34 37 39 40 40 48.5 
Mean  16.8 22.1 28.3 33.6 38 39.3 41 40.5 42.1 
Median  17 22 28.5 34 38 39 41 40 40 
Mode 17 22 28.5 34 #N/A 39 #N/A 40 #N/A 
Standard Deviation  0.28 0.28 0.28 0.57 1 0.57 1 0.86 0.57 
          
          
Black & Insulation 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 18.5 21 29.5 33 39 41.5 44 43.5 42 
Data point 2 17 21 28.5 34 39 42 44 43.5 41 
Data point 3 17 21.5 28.5 34 40 43 45.5 45.5 44 
Mean  17.5 21.1 28.8 33.6 39.3 42.1 44.5 44.1 42.3 
Median  17 21 28.5 34 39 42 44 43.5 42 
Mode 17 21 28.5 34 39 #N/A 44 43.5 #N/A 
Standard Deviation  0.86 0.28 0.57 0.57 0.57 0.76 0.86 1.1 1.5 
          
          
Insulation 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 16 20 27 32 36 39 40 40 39 
Data point 2 15.5 20 26 31 36 38.5 40 40 38 
Data point 3 16 20.5 26.5 32 36.5 38 39.5 39 38 
Mean  15.8 20.1 26.5 31.6 36.1 38.5 39.8 39.6 38.3 
Median  16 20 26.5 32 36 38.5 40 40 38 
Mode 16 20 #N/A 32 36 #N/A 40 40 38 
Standard Deviation  0.28 0.28 0.5 0.57 0.28 0.5 0.28 0.57 0.57 
          
          
Mylar  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 16 18 22.5 26 30.5 32.5 35 34.5 33 
Data point 2 16 18.5 23 26.5 31.5 33.5 35.5 35.5 33 
Data point 3 15.5 18.5 23 27 31.5 33 35 34 33 
Mean  15.8 18.3 22.8 26.5 31.1 33 35.1 34.6 33 
Median  16 18.5 23 26.5 31.5 33 35 34.5 33 
Mode 16 18.5 23 #N/A 31.5 #N/A 35 #N/A 33 
Standard Deviation  0.28 0.28 0.28 0.5 0.57 0.5 0.28 0.76 0 
          
          
Mylar & Insulation  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 16 18.5 25 29 34 36 40 40 38 
Data point 2 16 19 25 29.5 34 36 40 40 38 
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Data point 3 15 18 24.5 29 33.5 37 40 39 38 
Mean  15.6 18.5 24.8 19.1 33.8 36.3 40 39.6 38 
Median  16 18.5 25 29 34 36 40 40 38 
Mode 16 #N/A 25 29 34 36 40 40 38 
Standard Deviation  0.57 0.5 0.28 0.28 0.28 0.57 0 0.57 0 
          
          
Column1 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Yard Temperature 14 15.2 19.1 20.2 21.1 20 19 18.7 18 
Weather station  10.55 12.22 15 16.11 17.22 17.77 19.44 18.8 18.33 
          
          
bottles 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Plain Bottle 14.6 17.3 22 25.3 29.3 31 33 31.3 29.8 
White Bottle  15.1 18.1 22.3 25.3 29.1 31 32.1 32 30.1 
Black Bottle  16.8 22.1 28.3 33.6 38 39.3 41 40.5 42.1 
Black & insulation 17.5 21.1 28.8 33.6 39.3 42.1 44.5 44.1 42.3 
Insulation  15.8 20.1 26.5 31.6 36.1 38.5 39.8 39.6 38.3 
Mylar  15.8 18.3 22.8 26.5 31.1 33 35.16 34.6 33 
Mylar & Insulation  15.6 18.5 24.8 29.1 33.8 36.3 40 39.6 38 
Yard Temp 14 15.2 19.1 20.2 21.1 20 19 18.7 18 
Weather station  10.5 12.2 15 16.1 17.2 17.7 19.4 18.8 18.3 
 
Plain bottle  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 14.5 16 20 24 28.5 31 31 30.5 29 
Data point 2 15 16 20 24 29 31 31.5 30.5 28 
Data point 3 15 16 20 24.5 28 31 31 30.5 29 
Mean  14.8 16 20 24.1 28.5 31 31.1 30.5 28.6 
Median  15 16 20 24 28.5 31 31 30.5 29 
Mode 15 16 20 24 #N/A 31 31 30.5 29 
Standard Deviation  0.28 0 0 0.28 0.5 0 0.28 0 0.57 
          
          
White bottle 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 15 16.5 20.5 25 28 30 30 30.5 29 
Data point 2 15 16.5 20.5 24 27.5 30 30.5 30 29 
Data point 3 15 16 20.5 24.5 27.5 29 30 30.5 28 
Mean  15 16.3 20.5 24.5 27.6 29.6 30.1 30.3 28.6 
Median  15 16.5 20.5 24.5 27.5 30 30 30.5 29 
Mode 15 16.5 20.5 #N/A 27.5 30 30 30.5 29 
Standard Deviation  0 0.28 0 0.5 0.28 0.57 0.28 0.28 0.57 
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Black  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 16.5 18 25.5 30.5 36 39 39.5 39.5 36 
Data point 2 16.5 19 25 31 36 39 39.5 39.5 36.5 
Data point 3 16 18.5 25 31.5 36.5 39 39 39 36.5 
Mean  16.3 18.5 25.1 31 361 39 39.3 39.3 36.3 
Median  16.5 18.5 25 31 36 39 39.5 39.5 36.5 
Mode 16.5 #N/A 25 #N/A 36 39 39.5 39.5 36.5 
Standard Deviation  0.28 0.5 0.28 0.5 0.28 0 0.28 0.28 0.28 
          
          
Black & Insulation 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 16 18 24.5 29.5 37 40 41.5 40 39 
Data point 2 15.5 18 25 31.5 38 41.5 42.5 42 39 
Data point 3 16 19 24 30.5 37 40.5 41 42 39 
Mean  15.8 18.3 24.5 30.5 37.3 40.6 41.6 41.3 39 
Median  16 18 24.5 30.5 37 40.5 41.5 42 39 
Mode 16 18 #N/A #N/A 37 #N/A #N/A 42 39 
Standard Deviation  0.28 0.57 0.57 1 0.57 0.76 0.76 1.1 0 
          
          
Insulation 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 15.5 17 23 28.5 35 38.5 40 39 37 
Data point 2 15.5 17.5 23 28 34 38 39 39 37 
Data point 3 15 17 23 29 35 38 39 39.5 37 
Mean  15.3 17.1 23 28.5 34.6 38.1 39.3 39.1 37 
Median  15.5 17 23 28.5 35 38 39 39 37 
Mode 15.5 17 23 #N/A 35 38 39 39 37 
Standard Deviation  0.28 0.28 0 0.5 0.57 0.28 0.57 0.28 0 
          
          
Mylar  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 16 18 21 26 29.5 32 34 34 32 
Data point 2 16 18 21 26 30.5 33.5 34 34 33 
Data point 3 15 17.5 20.5 25.5 30.5 33.5 33.5 34.5 32.5 
Mean  15.6 17.8 20.8 25.83 30.1 33 33.83 34.16 32.5 
Median  16 18 21 26 30.5 33.5 34 34 32.5 
Mode 16 18 21 26 30.5 33.5 34 34 #N/A 
Standard Deviation  0.57 0.28 0.28 0.28 0.57 0.86 0.28 0.28 0.5 
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Mylar & Insulation  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 15 16.5 21 27 32 35 37 37 35.5 
Data point 2 15.5 16 22.5 26 31 36 37.5 37 35.5 
Data point 3 15.5 17.5 22 27 30.5 36 37 37 35.5 
Mean  15.3 16.6 21.8 26.6 31.1 35.1 37.1 37 35.5 
Median  15.5 16.5 22 27 31 36 37 37 35.5 
Mode 15.5 #N/A #N/A 27 #N/A 36 37 37 35.5 
Standard Deviation  0.28 0.76 0.76 0.57 0.76 0.57 0.28 0 0 
          
          
 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Yard Temperature 13.9 17.2 18.2 21.9 23.5 22.4 23 22 23 
Weather station  10 12.77 14.44 16.11 16.66 17.77 17.77 17.77 18.33 
          
          
Bottles 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Plain Bottle 14.8 16 20 24.1 28.5 31 31.1 30.5 28.6 
White Bottle  15 16.3 20.5 24.5 27.6 29.6 30.1 30.3 28.6 
Black Bottle  16.3 18.5 25.1 31 36.1 39 39.3 39.3 36.3 
Black & insulation 155.8 18.3 24.5 30.5 37.3 40.6 41.6 41.3 39 
Insulation  15.3 17.1 23 28.5 34.6 38.1 39.3 39.1 37 
Mylar  15.6 17.8 20.8 25.8 30.1 33 33.8 34.1 32.5 
Mylar & Insulation  15.3 16.6 21.8 26.6 31.1 35.6 37.1 37 35.5 
Yard Temp 13.9 17.2 18.2 21.9 23.5 22.4 23 22 23 
Weather station  10 12.7 14.1 16.1 16.6 17.7 17.7 17.7 18.3 
 
Plain bottle  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 18 22 26 31 33 31.5 29 27 27 
Data point 2 18 22 26 31 33 32 29 27 26 
Data point 3 18.5 22 28 30 32 32 29 26 25 
Mean  181 22 26.6 30.6 32.6 31.8 29 26.6 26 
Median  18 22 26 31 33 32 29 27 26 
Mode 18 22 26 31 33 32 29 27 #N/A 
Standard Deviation  0.28 0 1.1 0.57 0.57 0.28 0 0.57 1 
          
          
White bottle 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 18 23.5 27 31 33 32 29 28 27 
Data point 2 19 24 28 31.5 32.5 32 29.5 27 27 
Data point 3 19.5 24 28 31 33 32.5 29 27 28 
Mean  18.8 23.8 27.6 31.1 32.8 32.1 29.1 27.3 27.3 
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Median  19 24 28 31 33 32 29 27 27 
Mode #N/A 24 28 31 33 32 29 27 27 
Standard Deviation  0.76 0.28 0.57 0.28 0.28 0.28 0.28 0.57 0.57 
          
          
Black  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 21 29 34.5 39.5 42 40 36 33 34 
Data point 2 22 29 34.5 39 42 40 35 33 32 
Data point 3 21 29 34 39 44 39 35 33 32 
Mean  21.3 29 34.3 39.1 42.6 39.6 35.3 33 32.6 
Median  21 29 34.5 39 42 40 35 33 32 
Mode 21 29 34.5 39 42 40 35 33 32 
Standard Deviation  0.57 0 0.28 0.28 1.1 0.57 0.57 0 1.1 
          
          
Black & Insulation 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 22 29.5 35 40.5 44 42.5 39 36 35 
Data point 2 21 29 35 40 44 43 39 36 35 
Data point 3 22 28 34 40 44 43 39 37 36 
Mean  21.6 28.8 34.6 40.1 44 42.8 39 36.3 35.3 
Median  22 29 35 40 44 43 39 36 35 
Mode 22 #N/A 35 40 44 43 39 36 35 
Standard Deviation  0.57 0.76 0.57 0.28 0 0.28 0 0.57 0.57 
          
          
Insulation 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 20 25.5 31 37 40 39 36 33 32 
Data point 2 20 26 31 36 39 39 36 33 33 
Data point 3 20 26 32 37 40 39 36 33 33 
Mean  20 25.8 31.3 36.6 39.6 39 36 33 32.6 
Median  20 26 31 37 40 39 36 33 33 
Mode 20 26 31 37 40 39 36 33 33 
Standard Deviation  0 0.28 0.57 0.57 0.57 0 0 0 0.57 
          
          
Mylar  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 19 23 28 31 34 34 31.5 30 29 
Data point 2 19 23 26 30.5 34 34 31 29 29 
Data point 3 19 24 27 32 35 34 32 30 29.5 
Mean  19 23.3 27 31.1 34.3 34 31.5 29.6 29.1 
Median  19 23 27 31 34 34 31.5 30 29 
Mode 19 23 #N/A #N/A 34 34 #N/A 30 29 
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Standard Deviation  0 0.57 1 0.76 0.57 0 0.5 0.57 0.28 
          
          
Mylar & Insulation  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 19 23.5 29 34 38 38 35 32 33 
Data point 2 21 26 31 36 38 38.5 35 33 33 
Data point 3 19 25 30 34 38 37 35 33 32 
Mean  19.6 24.8 30 34.6 38 37.8 35 32.6 32.6 
Median  19 25 30 34 38 38 35 33 33 
Mode 19 #N/A #N/A 34 38 #N/A 35 33 33 
Standard Deviation  1.1 1.2 1 1.1 0 0.76 0 0.57 0.57 
          
          
 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Yard Temperature 17.1 18.6 18.5 19.5 22.5 20.3 20.3 20 19.5 
Weather station  12.77 16.11 17.77 20 20 20 20.5 20.4 20.2 
          
          
bottles 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Plain Bottle 18.1 22 26.6 30.6 32.6 31.8 29 26.6 26 
White Bottle  18.8 23.8 27.6 31.1 32.8 32.1 29.1 27.3 27.3 
Black Bottle  21.3 29 34.3 39.1 42.6 39.6 35.3 33 32.6 
Black & insulation 21.6 28.8 34.6 40.1 44 42.8 39 36.3 35.3 
Insulation  20 25.8 31.3 36.6 39.6 39 36 33 32.6 
Mylar  19 23.3 27 31.1 34. 3 34 31.5 29.6 29.1 
Mylar & Insulation  19.6 24.8 30 34.6 38 37.8 35 32.6 32.6 
Yard Temp 17.1 18.6 18.5 19.5 22.5 20.3 20.3 20 19.5 
Weather station  12.7 16.1 17.7 20 20 20 20.5 20.4 20.2 
 
Plain bottle  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 18 23.5 26 30.5 33 34 34.5 34.5 32 
Data point 2 18 23 26 31 33.5 34.5 35 35 33 
Data point 3 18 23 26 31 33.5 35.5 36 35 33.5 
Mean  18 23.1 26 30.8 33.3 34.6 35.1 34.8 32.8 
Median  18 23 26 31 33.5 34.5 35 35 33 
Mode 18 23 26 31 33.5 #N/A #N/A 35 #N/A 
Standard Deviation  0 0.28 0 0.28 0.28 0.76 0.76 0.28 0.76 
          
          
White bottle 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 20 24 27.5 32 33.5 35.5 36 35 34 
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Data point 2 19 24 27 31 33 35 35 35 33 
Data point 3 19 24 27 32 33.5 35 35 35.5 33 
Mean  19.3 24 27.1 31.6 33.3 35.1 35.3 35.1 33.3 
Median  19 24 27 32 33.5 35 35 35 33 
Mode 19 24 27 32 33.5 35 35 35 33 
Standard Deviation  0.57 0 0.28 0.57 0.28 0.28 0.57 0.28 0.57 
          
          
Black  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 21 28.5 34.5 39 42 43.5 44 44 40 
Data point 2 21 27 33 39 42.5 44 44.5 45 40 
Data point 3 22 29 36 39.5 41.5 43 44 45.5 40 
Mean  21.3 28.1 34.5 39.1 42 43.5 44.1 44.8 40 
Median  21 28.5 34.5 39 42 43.5 44 45 40 
Mode 21 #N/A #N/A 39 #N/A #N/A 44 #N/A 40 
Standard Deviation  0.57 1.04 1.5 0.28 0.5 0.5 0.28 0.76 0 
          
          
Black & Insulation 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 21 28 33 40.5 44.5 46 48 47.5 44 
Data point 2 21 28 34 40 44 47 48 47.5 44 
Data point 3 21 28 34 42.5 44 47 48 48 44.5 
Mean  21 28 33.6 41 44.1 46.6 48 47.6 44.1 
Median  21 28 34 40.5 44 47 48 47.5 44 
Mode 21 28 34 #N/A 44 47 48 47.5 44 
Standard Deviation  0 0 0.57 1.32 0.28 0.57 0 0.28 0.28 
          
          
Insulation 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 20 25.5 31 37 40 43 44 43.5 41 
Data point 2 20 25 30 38 40.5 43.5 45 44 40 
Data point 3 20 25.5 31 37.5 41 42.5 43.5 44 40 
Mean  20 25.33 30.6 37.5 40.5 43 44.16 43.8 40.3 
Median  20 25.5 31 37.5 40.5 43 44 44 40 
Mode 20 25.5 31 #N/A #N/A #N/A #N/A 44 40 
Standard Deviation  0 0.28 0.57 0.5 0.5 0.5 0.76 0.28 0.57 
          
          
Mylar  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 20 24 28 33 35 37 38 37 35 
Data point 2 20 25 29 36 35.5 36 38 38 36 
Data point 3 19 24 30 34 35.5 38 38 37 36 
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Mean  19.6 24.3 29 34.3 35.3 37 38 37.3 35.6 
Median  20 24 29 34 35.5 37 38 37 36 
Mode 20 24 #N/A #N/A 35.5 #N/A 38 37 36 
Standard Deviation  0.57 0.57 1 1.52 0.28 1 0 0.57 0.57 
          
          
Mylar & Insulation  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 20 24.5 30 35 38.5 41 41 40 38.5 
Data point 2 21 25 30 35.5 37.5 41 43 43 40 
Data point 3 21 25.5 29 36 39 41.5 42.5 42 40 
Mean  20.6 25 29.6 35.5 38.3 41.1 42.1 41.6 39.5 
Median  21 25 30 35.5 38.5 41 42.5 42 40 
Mode 21 #N/A 30 #N/A #N/A 41 #N/A #N/A 40 
Standard Deviation  0.57 0.5 0.57 0.5 0.76 0.28 1.04 1.52 0.86 
          
          
 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Yard Temperature 16 18.9 21.1 22 22.5 23 23.5 21.2 21 
Weather station  12.2 16.6 17.7 18.8 18.8 18.8 18.8 18.3 18.3 
          
          
bottles 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Plain Bottle 18 23.1 26 30.8 33.3 34.6 35.1 34.8 32.8 
White Bottle  19.3 24 27.1 31.6 33.3 35.1 35.3 35.1 33.3 
Black Bottle  21.3 28.1 34.5 39.1 42 43.5 44.1 44.8 40 
Black & insulation 21 28 33.6 41 44.1 46.6 48 47.6 44.1 
Insulation  20 25.3 30.6 37.5 40.5 43 44.1 43.8 40.3 
Mylar  19.6 24.3 29 34.3 35.3 37 38 37.3 35.6 
Mylar & Insulation  20.6 25 29.6 35.5 38.3 41.1 42.1 41.6 39.5 
Yard Temp 16 18.9 21.1 22 22.5 23 23.5 21.2 21 
Weather station  12.2 16.6 17.7 18.8 18.8 18.8 18.8 18.3 18.3 
 
Plain bottle  9AM 
10A
M 11AM 
12P
M 1PM 2PM 3PM 4PM 5PM 
Data point 1 15.5 20 26 32 34 37 38 36 34 
Data point 2 16 22 26 32 36 37 36.5 37 34 
Data point 3 16 21 25.5 32 36 36 37 36 35 
Mean  15.8 21 25.8 32 35.3 36.6 37.1 36.3 34.3 
Median  16 21 26 32 36 37 37 36 34 
Mode 16 #N/A 26 32 36 37 #N/A 36 34 
Standard 
Deviation  0.28 1 0.28 0 1.1 0.57 0.76 0.57 0.57 
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White bottle 9AM 
10A
M 11AM 
12P
M 1PM 2PM 3PM 4PM 5PM 
Data point 1 15 21 27 31 35 36 36 36 35 
Data point 2 15.5 21.5 27 32 35 35.5 36 36 34 
Data point 3 16 21 27.5 32 36 35 36 35.5 34 
Mean  15.5 21.1 27.1 31.6 35.3 35.5 36 35.8 34.3 
Median  15.5 21 27 32 35 35.5 36 36 34 
Mode #N/A 21 27 32 35 
#N/
A 36 36 34 
Standard 
Deviation  0.5 0.28 0.28 0.57 0.57 0.5 0 0.28 0.57 
          
          
Black  9AM 
10A
M 11AM 
12P
M 1PM 2PM 3PM 4PM 5PM 
Data point 1 21 25 29 37 41.5 43 44 42 40 
Data point 2 22 25 30.5 37.5 42 43 34 44 42 
Data point 3 22 24 29 37 41 42 33.5 39 40 
Mean  21.6 24.6 29.5 37.1 41.5 42.6 37.1 41.1 40.6 
Median  22 25 29 37 41.5 43 34 42 40 
Mode 22 25 29 37 #N/A 43 #N/A 
#N/
A 40 
Standard 
Deviation  0.57 0.57 0.86 0.28 0.5 0.57 5.9 2.5 1.1 
          
          
Black & Insulation 9AM 
10A
M 11AM 
12P
M 1PM 2PM 3PM 4PM 5PM 
Data point 1 23 26 29.5 38 44.5 45 45.5 46 44.5 
Data point 2 23.5 25.5 30 37 43.5 44 46 45 43 
Data point 3 23.5 26 30 38 43 44.5 45 46 44 
Mean  23.3 25.8 29.8 37.6 43.6 44.5 45.5 45.6 43.8 
Median  23.5 26 30 38 43.5 44.5 45.5 46 44 
Mode 23.5 26 30 38 #N/A 
#N/
A #N/A 46 
#N/
A 
Standard 
Deviation  0.28 0.28 0.28 0.57 0.76 0.5 0.5 0.57 0.76 
          
          
Insulation 9AM 
10A
M 11AM 
12P
M 1PM 2PM 3PM 4PM 5PM 
Data point 1 20 24.5 28 35.5 40 41 42 43 40 
Data point 2 20.5 24 28.5 35 39.5 42 43 42.5 41 
Data point 3 20.5 25 28.5 34.5 40 41.5 43 42 40.5 
Mean  20.3 24.5 28.3 35 39.8 41.5 42.6 42.5 40.5 
Median  20.5 24.5 28.5 35 40 41.5 43 42.5 40.5 
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Mode 20.5 #N/A 28.5 #N/A 40 
#N/
A 43 
#N/
A 
#N/
A 
Standard 
Deviation  
0.28867
5 0.5 
0.28867
5 0.5 
0.28867
5 0.5 
0.5773
5 0.5 0.5 
          
          
Mylar  9AM 
10A
M 11AM 
12P
M 1PM 2PM 3PM 4PM 5PM 
Data point 1 19 23.5 26 32.5 36 37.5 38.5 37 36 
Data point 2 19.5 24 26 33 36 37.5 38 38 35 
Data point 3 19 24 26.5 33 36 37.5 38.5 38 37 
Mean  19.1 23.8 26.1 32.8 36 37.5 38.3 37.6 36 
Median  19 24 26 33 36 37.5 38.5 38 36 
Mode 19 24 26 33 36 37.5 38.5 38 
#N/
A 
Standard 
Deviation  0.28 0.28 0.28 0.28 0 0 0.28 0.57 1 
          
          
Mylar & Insulation  9AM 
10A
M 11AM 
12P
M 1PM 2PM 3PM 4PM 5PM 
Data point 1 19.5 24.5 28 33 38 40 42 42 40.5 
Data point 2 20 24 28 33 38 40.5 41.5 42 40 
Data point 3 20 24.5 28.5 32 36 40.5 41.5 41 40 
Mean  19.8 24.3 28.1 32.6 37.3 40.3 41.6 41.6 40.1 
Median  20 24.5 28 33 38 40.5 41.5 42 40 
Mode 20 24.5 28 33 38 40.5 41.5 42 40 
Standard 
Deviation  0.28 0.28 0.28 0.57 1.1 0.28 0.28 0.57 0.28 
          
          
 9AM 
10A
M 11AM 
12P
M 1PM 2PM 3PM 4PM 5PM 
Yard Temperature 15.5 18 23 28 30 31 31.5 31 30 
Weather station  15 17 20.5 25.5 27 28 28.5 28 27 
          
          
bottles 9AM 
10A
M 11AM 
12P
M 1PM 2PM 3PM 4PM 5PM 
Plain Bottle 15.8 21 25.8 32 35.3 36.6 37.1 36.3 34.4 
White Bottle  15.5 21.1 27.1 31.6 35.3 35.5 36 35.8 34.3 
Black Bottle  21.6 24.6 29.5 37.1 41.5 42.6 37.1 41.6 40.6 
Black & insulation 23.3 25.83 29.8 37.6 43.6 44.5 45.5 45.6 43.8 
Insulation  20.3 24.5 28.3 35 39.8 41.5 42.6 42.5 40.5 
Mylar  19.1 23.8 26.1 32.8 36 37.5 38.3 37.6 36 
Mylar & Insulation  19.8 24.3 28.1 32.6 37.3 40.3 41.6 41.6 40.1 
Yard Temp 15.5 18 23 28 30 31 31.5 31 30 
  116 
Weather station  15 17 20.5 25.5 27 28 28.5 28 27 
 
Plain bottle  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 18 19.5 23 28 32 35.5 35 32 31 
Data point 2 19 20 23 28.5 33 35.5 35 32 30.5 
Data point 3 18 19 23 28 33 35 34 32.5 30 
Mean  18.3 19.5 23 28.1 32.6 35.3 34.6 32.1 30.5 
Median  18 19.5 23 28 33 35.5 35 32 30.5 
Mode 18 #N/A 23 28 33 35.5 35 32 #N/A 
Standard Deviation  0.57 0.5 0 0.28 0.57 0.28 0.57 0.28 0.5 
          
          
White bottle 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 19 20 23.5 28.5 32 35 34.5 32 31 
Data point 2 18 20 24 27.5 31 34 34 33 30 
Data point 3 19 20 23.5 28.5 33 35 34.5 33 31 
Mean  18.6 20 23.6 28.1 32 34.6 34.3 32.6 30.6 
Median  19 20 23.5 28.5 32 35 34.5 33 31 
Mode 19 20 23.5 28.5 #N/A 35 34.5 33 31 
Standard Deviation  0.57 0 0.28 0.57 1 0.57 0.28 0.57 0.57 
          
          
Black  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 19 23 27 34.5 38.5 43 42 38 36 
Data point 2 19.5 23 27 34 39 42.5 42 39 35.5 
Data point 3 20 23.5 28 35 39.5 43 41 38 35.5 
Mean  19.5 23.1 27.3 34.5 39 42.8 41.6 38.3 35.6 
Median  19.5 23 27 34.5 39 43 42 38 35.5 
Mode #N/A 23 27 #N/A #N/A 43 42 38 35.5 
Standard Deviation  0.5 0.28 0.57 0.5 0.5 0.28 0.57 0.57 0.28 
          
          
Black & Insulation 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 20 22.5 27 35 40 46 45 43 40 
Data point 2 20 23 27 34.5 41.5 46.5 45.5 43 40 
Data point 3 20 22 27.5 34.5 40.5 45 44.5 41 38 
Mean  20 22.5 27.1 34.6 40.6 45.8 45 42.3 39.3 
Median  20 22.5 27 34.5 40.5 46 45 43 40 
Mode 20 #N/A 27 34.5 #N/A #N/A #N/A 43 40 
Standard Deviation  0 0.5 0.28 0.28 0.76 0.76 0.5 1.15 1.15 
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Insulation 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 16 20.5 25.5 32 37 41.5 41 39 36.5 
Data point 2 17 21 24 32 38 42 41 39 36 
Data point 3 18 20.5 25.5 32.5 37 41.5 41 39 36 
Mean  17 20.6 25 32.1 37.3 41.6 41 39 36.1 
Median  17 20.5 25.5 32 37 41.5 41 39 36 
Mode #N/A 20.5 25.5 32 37 41.5 41 39 36 
Standard Deviation  1 0.28 0.86 0.28 0.57 0.28 0 0 0.28 
          
          
Mylar  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 20 21 23.5 28.5 32.5 37 38 36 34 
Data point 2 20 22 24.5 30 33 37 37 35 33 
Data point 3 19 20.5 24 29 34 36 36 34 32 
Mean  19.6 21.1 24 29.1 33.1 36.6 37 35 33 
Median  20 21 24 29 33 37 37 35 33 
Mode 20 #N/A #N/A #N/A #N/A 37 #N/A #N/A #N/A 
Standard Deviation  0.57 0.76 0.5 0.76 0.76 0.57 1 1 1 
          
          
Mylar & Insulation  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 20 21.5 25 30.5 34 39.5 39.5 38 36 
Data point 2 18.5 20 25 30 35 40.5 40 39 36 
Data point 3 18 20 24.5 29 35 40.5 40 37 35.5 
Mean  18.8 20.5 24.8 29.8 34.6 40.1 39.8 38 35.8 
Median  18.5 20 25 30 35 40.5 40 38 36 
Mode #N/A 20 25 #N/A 35 40.5 40 #N/A 36 
Standard Deviation  1.04 0.86 0.28 0.76 0.57 0.57 0.28 1 0.28 
          
          
 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Yard Temperature 18.3 18.4 22 24 26.5 26.2 25.8 24 23.2 
Weather station  12.7 15.5 20 22.2 22.2 23.8 24.4 25 22.7 
          
          
          
Bottles 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Plain Bottle 18.3 19.5 23 28.1 32.6 35.3 34.6 32.1 30.5 
White Bottle  18.6 20 23.6 28.1 32 34.6 34.3 32.6 30.6 
Black Bottle  19.5 23.1 27.3 34.5 39 42.8 41.6 38.3 35.6 
Black & insulation 20 22.5 27.1 34.6 40.6 45.8 45 42.3 39.3 
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Insulation  17 20.6 25 32.1 37.3 41.6 41 39 36.1 
Mylar  19.6 21.16 24 29.1 33.16 36.6 37 35 33 
Mylar & Insulation  18.8 20.5 24.8 29.8 34.6 40.16 39.8 38 35.8 
Yard Temp 18.3 18.4 22 24 26.5 26.2 25.8 24 23.2 
Weather station  12.7 15.5 20 22.2 22.2 23.8 24.4 25 22.7 
 
Plain bottle  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 17 21 25 28 31.5 34 34.5 32.5 30.5 
Data point 2 17 21 25 29 32.5 34 34 34 31 
Data point 3 17.5 20 25.5 29.5 32 33 34 33 31 
Mean  17.1 20.6 25.1 28.8 32 33.6 34.1 33.1 30.8 
Median  17 21 25 29 32 34 34 33 31 
Mode 17 21 25 #N/A #N/A 34 34 #N/A 31 
Standard Deviation  0.28 0.57 0.28 0.76 0.5 0.57 0.28 0.76 0.28 
          
          
White bottle 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 19 23 27 30 31.5 33 34 33 31 
Data point 2 18.5 23 27 29.5 32 33 34 33 31 
Data point 3 18 22 25 29 31 34 34 33.5 32 
Mean  18.5 22.6 26.3 29.5 31.5 33.3 34 33.1 31.3 
Median  18.5 23 27 29.5 31.5 33 34 33 31 
Mode #N/A 23 27 #N/A #N/A 33 34 33 31 
Standard Deviation  0.5 0.57 1.15 0.5 0.5 0.5 0 0.28 0.57 
          
          
Black  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 20.5 28 33 37 39 42 43 42 39 
Data point 2 21 27.5 33 37.5 40.5 42.5 43 43 40.5 
Data point 3 20.5 27 32 37 40 42 44 43 40 
Mean  20.6 27.5 32.6 37.1 39.8 42.1 43.3 42.6 39.8 
Median  20.5 27.5 33 37 40 42 43 43 40 
Mode 20.5 #N/A 33 37 #N/A 42 43 43 #N/A 
Standard Deviation  0.28 0.5 0.57 0.28 0.76 0.28 0.57 0.57 0.76 
          
          
Black & Insulation 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 21 28.5 33 40 43 45 46 44 41 
Data point 2 21 27 34 39 43 46 47 46 44 
Data point 3 21 27 34 39 42 44 45 44 44 
Mean  21 27.5 33.6 39.3 42.6 45 46 44.6 43 
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Median  21 27 34 39 43 45 46 44 44 
Mode 21 27 34 39 43 #N/A #N/A 44 44 
Standard Deviation  0 0.86 0.57 0.57 0.57 1 1 1.15 1.73 
          
          
Insulation 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 19 25 30 35 39 42 42.5 41.5 39 
Data point 2 20 24.5 29 35 39 41.5 43 41 39.5 
Data point 3 20 25 30 34 38 42 42 41 39 
Mean  19.6 24.8 29.6 34.6 38.6 41.8 42.5 41.1 39.1 
Median  20 25 30 35 39 42 42.5 41 39 
Mode 20 25 30 35 39 42 #N/A 41 39 
Standard Deviation  0.57 0.28 0.57 0.57 0.57 0.28 0.5 0.28 0.28 
          
          
Mylar  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 19 23 28 32 34 36 37 36 34 
Data point 2 19 23 28 31 34 36 37 37 35 
Data point 3 18.5 22 27 30.5 35 36 36 35 33 
Mean  18.8 22.6 27.6 31.1 34.3 36 36.6 36 34 
Median  19 23 28 31 34 36 37 36 34 
Mode 19 23 28 #N/A 34 36 37 #N/A #N/A 
Standard Deviation  0.28 0.57 0.57 0.76 0.57 0 0.57 1 1 
          
          
Mylar & Insulation  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 18.5 23 26 32 35 40 41.5 41 40 
Data point 2 18 22.5 27 31 35 39 41 40 39 
Data point 3 19 22 25 31 35 40 41 39 38 
Mean  18.5 22.5 26 31.3 35 39.6 41.1 40 39 
Median  18.5 22.5 26 31 35 40 41 40 39 
Mode #N/A #N/A #N/A 31 35 40 41 #N/A #N/A 
Standard Deviation  0.5 0.5 1 0.57 0 0.57 0.28 1 1 
          
          
 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Yard Temperature 15.3 18.6 19.9 20.3 21.4 22.7 22.6 22.7 20.4 
Weather station  12.2 13.33 15 16.1 18.33 20 20 20.55 21.11 
          
          
          
Bottles 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
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Plain Bottle 17.1 20.6 25.16 28.8 32 33.6 34.1 33.1 30.8 
White Bottle  18.5 22.6 26.3 29.5 31.5 33.3 34 33.1 31.3 
Black Bottle  20.6 27.5 32.6 37.1 39.8 42.1 43.3 42.6 39.8 
Black & insulation 21 27.5 33.6 39.3 42.6 45 46 44.6 43 
Insulation  19.6 24.8 29.6 34.6 38.6 41.8 42.5 41.1 39.1 
Mylar  18.8 22.6 27.6 31.1 34.3 36 36.6 36 34 
Mylar & Insulation  18.5 22.5 26 31.3 35 39.6 41.1 40 39 
Yard Temp 15.3 18.6 19.9 20.3 21.4 22.7 22.6 22.7 20.4 
Weather station  12.2 13.3 15 16.1 18.3 20 20 20.5 21.1 
 
Plain bottle  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 21 24 28 33 35 35.5 35 33 31 
Data point 2 22 25 29 33 35.5 35 35 33 32 
Data point 3 22 25 29.5 33 35.5 35 35.5 33 31 
Mean  21.6 24.6 28.8 33 35.3 35.1 35.1 33 31.3 
Median  22 25 29 33 35.5 35 35 33 31 
Mode 22 25 #N/A 33 35.5 35 35 33 31 
Standard Deviation  0.57 0.57 0.76 0 0.28 0.28 0.28 0 0.57 
          
          
White bottle 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 20.5 23 28 32 34 34.5 36 34 31 
Data point 2 21 25 30 33 35 35.5 35 33.5 32 
Data point 3 22.5 25 30 33 35 35 35 33 32 
Mean  21.3 24.3 29.3 32.6 34.6 35 35.3 33.5 31.6 
Median  21 25 30 33 35 35 35 33.5 32 
Mode #N/A 25 30 33 35 #N/A 35 #N/A 32 
Standard Deviation  1.04 1.15 1.15 0.57 0.57 0.5 0.57 0.5 0.57 
          
          
Black  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 24 30 37 40.5 42 42.5 43 41.5 39 
Data point 2 24.5 30 37 40.5 43 43.5 44 41 39.5 
Data point 3 26 31 37.5 41 43 44 44 41 39.5 
Mean  24.8 30.3 37.16 40.6 42.6 43.3 43.6 41.16 39.3 
Median  24.5 30 37 40.5 43 43.5 44 41 39.5 
Mode #N/A 30 37 40.5 43 #N/A 44 41 39.5 
Standard Deviation  1.04 0.57 0.28 0.28 0.57 0.76 0.57 0.28 0.28 
          
          
Black & Insulation 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
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Data point 1 24.5 29 37.5 41 45.5 46.5 46.5 44 42 
Data point 2 24 29 36 42 44.5 45 45 44 40.5 
Data point 3 24.5 29.5 38.5 43 46 45 47 44.5 42 
Mean  24.3 29.16 37.3 42 45.3 45.5 46.1 44.1 41.5 
Median  24.5 29 37.5 42 45.5 45 46.5 44 42 
Mode 24.5 29 #N/A #N/A #N/A 45 #N/A 44 42 
Standard Deviation  0.28 0.28 1.25 1 0.76 0.86 1.04 0.28 0.86 
          
          
Insulation 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 22 26.5 34 37.5 41.5 42.5 42.5 40 37.5 
Data point 2 23 27 34 38 42 39 42 40.5 39 
Data point 3 23.5 28 34 38 43 43 41 40 39 
Mean  22.8 27.1 34 37.8 42.1 41.5 41.8 40.1 38.5 
Median  23 27 34 38 42 42.5 42 40 39 
Mode #N/A #N/A 34 38 #N/A #N/A #N/A 40 39 
Standard Deviation  0.76 0.76 0 0.28 0.76 2.17 0.76 0.28 0.86 
          
          
Mylar  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 21 24 29.5 33 35 36 37 34 33 
Data point 2 23 27 33 36 36 37 36.5 35 34 
Data point 3 23 26 33 34 37 36 37 35 34 
Mean  22.3 25.6 31.8 34.3 36 36.3 36.8 34.6 33.6 
Median  23 26 33 34 36 36 37 35 34 
Mode 23 #N/A 33 #N/A #N/A 36 37 35 34 
Standard Deviation  1.15 1.52 2.02 1.52 1 0.57 0.28 0.57 0.57 
          
          
Mylar & Insulation  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 23 26 32 36 40 41 40 39 37 
Data point 2 24 26 34 35.5 39.5 40 41 39 38 
Data point 3 24 27 34 37 39 41 41 37 37 
Mean  23.6 26.3 33.3 36.1 39.5 40.6 40.6 38.3 37.3 
Median  24 26 34 36 39.5 41 41 39 37 
Mode 24 26 34 #N/A #N/A 41 41 39 37 
Standard Deviation  0.57 0.57 1.15 0.76 0.5 0.57 0.577 1.15 0.57 
          
          
 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Yard Temperature 18.8 20 24.9 25.6 25.7 25.5 24.9 22 21 
Weather station  15 15.5 17.77 18.33 20 20  21.11 20.555 
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bottles 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Plain Bottle 21.6 24.6 28.8 33 35.3 35.1 35.1 33 31.3 
White Bottle  21.3 24.3 29.3 32.6 34.6 35 35.3 33.5 31.6 
Black Bottle  24.8 30.3 37.1 40.6 42.6 43.3 43.6 41.1 39.3 
Black & insulation 24.3 29.1 37.3 42 45.3 45.5 46.1 44.1 41.5 
Insulation  22.8 27.16 34 37.8 42.1 41.5 41.8 40.1 38.5 
Mylar  22.3 25.6 31.8 34.3 36 36.3 36.8 34.6 33.6 
Mylar & Insulation  23.6 26.3 33.3 36.16 39.5 40.6 40.6 38.3 37.3 
Yard Temp 18.8 20 24.9 25.6 25.7 25.5 24.9 22 21 
Weather station  15 15.5 17.77 18.33 20 20 20.5 21.1 20.5 
 
 
          
Plain bottle  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 25 29 34.5 38 43 44 44 43.5 42 
Data point 2 25 29 34 38 43.5 44 44 44 43 
Data point 3 25 30.5 35.5 37 42 44 44 44 42 
Mean  25 29.5 34.6 37.6 42.8 44 44 43.8 42.3 
Median  25 29 34.5 38 43 44 44 44 42 
Mode 25 29 #N/A 38 #N/A 44 44 44 42 
Standard Deviation  0 0.86 0.76 0.57 0.76 0 0 0.28 0.57 
          
          
white bottle 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 24 28 32 39 42 43.5 43.5 44 44 
Data point 2 26 31 35 39 42 43 43 43 42 
Data point 3 25 30 34 38.5 41 44 44 44 43 
Mean  25 29.6 33.6 38.8 41.66 43.5 43.5 43.6 43 
Median  25 30 34 39 42 43.5 43.5 44 43 
Mode #N/A #N/A #N/A 39 42 #N/A #N/A 44 #N/A 
Standard Deviation  1 1.5 1.5 0.28 0.57 0.5 0.5 0.57 1 
          
          
Black bottle  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 28 36 42.5 47.5 51.5 52 52 53 51 
Data point 2 28.5 36 42 46.5 50.5 51.5 52 52 50 
Data point 3 29 36 43 47 51 51.5 53 53 50.5 
Mean  28.5 36 42.5 47 51 51.6 52.3 52.6 50.5 
Median  28.5 36 42.5 47 51 51.5 52 53 50.5 
Mode #N/A 36 #N/A #N/A #N/A 51.5 52 53 #N/A 
Standard Deviation  0.5 0 0.5 0.5 0.5 0.28 0.57 0.57 0.5 
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Black & insulation 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 27.5 35 42 48 53 54.5 54 54.5 52 
Data point 2 28 35 42 47 52 54 54 54 52 
Data point 3 28 35.5 43 47.5 53 54 54.5 53 53 
Mean  27.83 35.1 42.33 47.5 52.6 54.1 54.1 53.8 52.3 
Median  28 35 42 47.5 53 54 54 54 52 
Mode 28 35 42 #N/A 53 54 54 #N/A 52 
Standard Deviation  0.28 0.28 0.57 0.5 0.57 0.28 0.28 0.76 0.57 
          
          
Insulation 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 26 31.5 37.5 42.5 48 50 49.5 50.5 47 
Data point 2 26 31.5 37 42 47 49.5 50 50 48 
Data point 3 26 31 38 43 48 49.5 50 49 48 
Mean  26 31.3 37.5 42.5 47.6 49.6 49.8 49.8 47.6 
Median  26 31.5 37.5 42.5 48 49.5 50 50 48 
Mode 26 31.5 #N/A #N/A 48 49.5 50 #N/A 48 
Standard Deviation  0 0.28 0.5 0.5 0.57 0.28 0.28 0.76 0.57 
          
          
Mylar 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 25 30 34.5 39 44 44 45 45 43.5 
Data point 2 25 29.5 34 38 41 44.5 45 45 43.5 
Data point 3 25.5 30 35 38 43 44 44 45 44 
Mean  25.16 29.83 34.5 38.33 42.6 44.16 44.6 45 43.6 
Median  25 30 34.5 38 43 44 45 45 43.5 
Mode 25 30 #N/A 38 #N/A 44 45 45 43.5 
Standard Deviation  0.28 0.28 0.5 0.57 1.5 0.28 0.57 0 0.28 
          
          
Mylar & Insulation  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 25.5 30 36 39.5 44.5 48 48.5 48 47.5 
Data point 2 25 29.5 35 40 46 47 47 47 46 
Data point 3 25 30 35 39 45 47 49 48 47.5 
Mean  25.16 29.8 35.3 39.5 45.1 47.3 48.1 47.6 47 
Median  25 30 35 39.5 45 47 48.5 48 47.5 
Mode 25 30 35 #N/A #N/A 47 #N/A 48 47.5 
Standard Deviation  0.28 0.28 0.57 0.5 0.76 0.57 1.04 0.57 0.86 
          
          
Column1 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
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Plain Bottle 25 29.5 34.6 37.6 42.83 44 44 43.83 42.33 
White Bottle  25 29.6 33.6 38.8 41.6 43.5 43.5 43.6 43 
Black Bottle  28.5 36 42.5 47 51 51.6 52.3 52.6 50.5 
Black & insulation 27.8 35.1 42.3 47.5 52.6 54.1 54.1 53.8 52.3 
Insulation  26 31.3 37.5 42.5 47.6 49.6 49.8 49.8 47.6 
Mylar  25.1 29.8 34.5 38.3 42.6 44.1 44.6 45 43.6 
Mylar & Insulation  25.1 29.8 35.3 39.5 45.1 47.3 48.16 47.6 47 
Yard Temp 25.7 28 31.3 31.6 35 34.5 35 33.8 33 
Weather station  20 25.5 27.2 29.4 28.8 28.3 30 30 30 
 
Plain bottle  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 25 29 34.5 38 43 44 44 43.5 42 
Data point 2 25 29 34 38 43.5 44 44 44 43 
Data point 3 25 30.5 35.5 37 42 44 44 44 42 
Mean  25 29.5 34.6 37.6 42.8 44 44 43.8 42.3 
Median  25 29 34.5 38 43 44 44 44 42 
Mode 25 29 #N/A 38 #N/A 44 44 44 42 
Standard Deviation  0 0.86 0.76 0.57 0.76 0 0 0.28 0.57 
          
          
white bottle 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 24 28 32 39 42 43.5 43.5 44 44 
Data point 2 26 31 35 39 42 43 43 43 42 
Data point 3 25 30 34 38.5 41 44 44 44 43 
Mean  25 29.6 33.6 38.8 41.66 43.5 43.5 43.6 43 
Median  25 30 34 39 42 43.5 43.5 44 43 
Mode #N/A #N/A #N/A 39 42 #N/A #N/A 44 #N/A 
Standard Deviation  1 1.5 1.5 0.28 0.57 0.5 0.5 0.57 1 
          
          
Black bottle  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 28 36 42.5 47.5 51.5 52 52 53 51 
Data point 2 28.5 36 42 46.5 50.5 51.5 52 52 50 
Data point 3 29 36 43 47 51 51.5 53 53 50.5 
Mean  28.5 36 42.5 47 51 51.6 52.3 52.6 50.5 
Median  28.5 36 42.5 47 51 51.5 52 53 50.5 
Mode #N/A 36 #N/A #N/A #N/A 51.5 52 53 #N/A 
Standard Deviation  0.5 0 0.5 0.5 0.5 0.28 0.57 0.57 0.5 
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Black & insulation 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 27.5 35 42 48 53 54.5 54 54.5 52 
Data point 2 28 35 42 47 52 54 54 54 52 
Data point 3 28 35.5 43 47.5 53 54 54.5 53 53 
Mean  27.83 35.1 42.33 47.5 52.6 54.1 54.1 53.8 52.3 
Median  28 35 42 47.5 53 54 54 54 52 
Mode 28 35 42 #N/A 53 54 54 #N/A 52 
Standard Deviation  0.28 0.28 0.57 0.5 0.57 0.28 0.28 0.76 0.57 
          
          
Insulation 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 26 31.5 37.5 42.5 48 50 49.5 50.5 47 
Data point 2 26 31.5 37 42 47 49.5 50 50 48 
Data point 3 26 31 38 43 48 49.5 50 49 48 
Mean  26 31.3 37.5 42.5 47.6 49.6 49.8 49.8 47.6 
Median  26 31.5 37.5 42.5 48 49.5 50 50 48 
Mode 26 31.5 #N/A #N/A 48 49.5 50 #N/A 48 
Standard Deviation  0 0.28 0.5 0.5 0.57 0.28 0.28 0.76 0.57 
          
          
Mylar 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 25 30 34.5 39 44 44 45 45 43.5 
Data point 2 25 29.5 34 38 41 44.5 45 45 43.5 
Data point 3 25.5 30 35 38 43 44 44 45 44 
Mean  25.16 29.83 34.5 38.33 42.6 44.16 44.6 45 43.6 
Median  25 30 34.5 38 43 44 45 45 43.5 
Mode 25 30 #N/A 38 #N/A 44 45 45 43.5 
Standard Deviation  0.28 0.28 0.5 0.57 1.5 0.28 0.57 0 0.28 
          
          
Mylar & Insulation  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 25.5 30 36 39.5 44.5 48 48.5 48 47.5 
Data point 2 25 29.5 35 40 46 47 47 47 46 
Data point 3 25 30 35 39 45 47 49 48 47.5 
Mean  25.16 29.8 35.3 39.5 45.1 47.3 48.1 47.6 47 
Median  25 30 35 39.5 45 47 48.5 48 47.5 
Mode 25 30 35 #N/A #N/A 47 #N/A 48 47.5 
Standard Deviation  0.28 0.28 0.57 0.5 0.76 0.57 1.04 0.57 0.86 
         
 
 
Column1 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Plain Bottle 25 29.5 34.6 37.6 42.83 44 44 43.83 42.33 
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White Bottle  25 29.6 33.6 38.8 41.6 43.5 43.5 43.6 43 
Black Bottle  28.5 36 42.5 47 51 51.6 52.3 52.6 50.5 
Black & insulation 27.8 35.1 42.3 47.5 52.6 54.1 54.1 53.8 52.3 
Insulation  26 31.3 37.5 42.5 47.6 49.6 49.8 49.8 47.6 
Mylar  25.1 29.8 34.5 38.3 42.6 44.1 44.6 45 43.6 
Mylar & Insulation  25.1 29.8 35.3 39.5 45.1 47.3 48.16 47.6 47 
Yard Temp 25.7 28 31.3 31.6 35 34.5 35 33.8 33 
Weather station  20 25.5 27.2 29.4 28.8 28.3 30 30 30 
 
Plain bottle  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 24 28 29 31 34 34 33.5 32 30 
Data point 2 24 28 30 32 34 34 34 32 30.5 
Data point 3 25 27.5 30.5 31 33 34.5 34 31.5 31 
Mean  24.3 27.8 29.8 31.3 33.6 34.1 33.8 31.8 30.5 
Median  24 28 30 31 34 34 34 32 30.5 
Mode 24 28 #N/A 31 34 34 34 32 #N/A 
Standard Deviation  0.57 0.28 0.76 0.57 0.57 0.28 0.28 0.28 0.5 
          
          
White bottle 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 25 29 30 32 33.5 34 34 33 30.5 
Data point 2 25 29 30.5 32 32.5 34 34 32 31 
Data point 3 24.5 28 30 31 33 33.5 33 32 31 
Mean  24.83 28.6 30.1 31.6 33 33.8 33.6 32.3 30.8 
Median  25 29 30 32 33 34 34 32 31 
Mode 25 29 30 32 #N/A 34 34 32 31 
Standard Deviation  0.28 0.57 0.28 0.57 0.5 0.28 0.57 0.57 0.28 
          
          
Black  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 29 34 35 37 40.5 40 39.5 38 35.5 
Data point 2 29 34.5 35 38.5 40 40.5 40 38 36 
Data point 3 29 34 34.5 38 41 41 40 39 36 
Mean  29 34.16 34.8 37.8 40.5 40.5 39.8 38.3 35.8 
Median  29 34 35 38 40.5 40.5 40 38 36 
Mode 29 34 35 #N/A #N/A #N/A 40 38 36 
Standard Deviation  0 0.28 0.28 0.76 0.5 0.5 0.28 0.57 0.28 
          
          
Black & Insulation 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 28.5 34 36 38.5 41.5 43.5 42.5 43 38 
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Data point 2 28 34 36.5 39 42 42.5 42.5 41 38 
Data point 3 28 35 36 38.5 42.5 43.5 44 41 40 
Mean  28.16 34.3 36.16 38.6 42 43.16 43 41.6 38.6 
Median  28 34 36 38.5 42 43.5 42.5 41 38 
Mode 28 34 36 38.5 #N/A 43.5 42.5 41 38 
Standard Deviation  0.28 0.57 0.28 0.28 0.5 0.57 0.86 1.15 1.15 
          
          
Insulation 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 26 34 34.5 37.5 39 41 40 40.5 36 
Data point 2 27 34 35 37 39 40 40 40.5 36.5 
Data point 3 27 34.5 35 36 39.5 41 40 40 36 
Mean  26.6 34.1 34.8 36.83 39.16 40.6 40 40.3 36.1 
Median  27 34 35 37 39 41 40 40.5 36 
Mode 27 34 35 #N/A 39 41 40 40.5 36 
Standard Deviation  0.57 0.28 0.28 0.76 0.28 0.57 0 0.28 0.28 
          
          
Mylar  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 24 28 30 32 35 36 36 34 34 
Data point 2 25 29 31 34 36 36 36 34 33 
Data point 3 26 29 30.5 32 35 37 37.5 35 33 
Mean  25 28.6 30.5 32.6 35.3 36.3 36.5 34.3 33.3 
Median  25 29 30.5 32 35 36 36 34 33 
Mode #N/A 29 #N/A 32 35 36 36 34 33 
Standard Deviation  1 0.57 0.5 1.15 0.57 0.57 0.86 0.57 0.57 
          
          
Mylar & Insulation  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 24 29 31 34.5 36.5 38 38.5 38 36 
Data point 2 25 29 31 34 36 38 39 38 36 
Data point 3 25 28 31.5 35 36 37 39 38.5 37 
Mean  24.6 28.6 31.1 34.5 36.1 37.6 38.8 38.1 36.3 
Median  25 29 31 34.5 36 38 39 38 36 
Mode 25 29 31 #N/A 36 38 39 38 36 
Standard Deviation  0.57 0.57 0.28 0.5 0.28 0.57 0.28 0.28 0.57 
          
          
 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Yard Temperature 22 24.2 23.5 22.5 25.3 26.6 27 25 24.6 
Weather station  18.8 19.4 20 20 22.2 21.6 22 23.3 22.7 
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bottles 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Plain Bottle 24.3 27.8 29.8 31.3 33.6 34.1 33.8 31.8 30.5 
White Bottle  24.8 28.6 30.1 31.6 33 33.8 33.6 32.3 30.8 
Black Bottle  29 34.1 34.8 37.8 40.5 40.5 39.8 38.3 35.83 
Black & insulation 28.16 34.3 36.16 38.6 42 43.1 43 41.6 38.6 
Insulation  26.6 34.1 34.8 36.8 39.1 40.6 40 40.3 36.1 
Mylar  25 28.6 30.5 32.6 35.3 36.3 36.5 34.3 33.3 
Mylar & Insulation  24.6 28.6 31.1 34.5 36.1 37.6 38.8 38.1 36.33 
Yard Temp 22 24.2 23.5 22.5 25.3 26.6 27 25 24.6 
Weather station  18.8 19.4 20 20 22.2 21.6 22 23.3 22.7 
 
Plain bottle  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 24 24.5 23.5 30 30.5 30.5 31 31 30 
Data point 2 24 25 23 30 30.5 31.5 31 32 30 
Data point 3 24.5 24.5 24 31 31 31 31 31 31 
Mean  24.1 24.6 23.5 30.3 30.6 31 31 31.3 30.3 
Median  24 24.5 23.5 30 30.5 31 31 31 30 
Mode 24 24.5 #N/A 30 30.5 #N/A 31 31 30 
Standard Deviation  0.28 0.28 0.5 0.57 0.28 0.5 0 0.57 0.57 
          
          
White bottle  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 25 26 27 31 32 32 32 32 32 
Data point 2 25 25.5 27 31 32 32 31.5 32 31 
Data point 3 25 25 26 31 31 31 31 32.5 31 
Mean  25 25.5 26.6 31 31.6 31.6 31.5 32.1 31.3 
Median  25 25.5 27 31 32 32 31.5 32 31 
Mode 25 #N/A 27 31 32 32 #N/A 32 31 
Standard Deviation  0 0.5 0.57 0 0.57 0.57 0.5 0.28 0.57 
          
          
Black bottle  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 27 30 37.5 37.5 38.5 37.5 38.5 38.5 37 
Data point 2 29 31 38 38 39 37.5 38 38 37 
Data point 3 27 30 37 36.5 37.5 37 37.5 37.5 36 
Mean  27.6 30.3 37.5 37.3 38.3 37.3 38 38 36.6 
Median  27 30 37.5 37.5 38.5 37.5 38 38 37 
Mode 27 30 #N/A #N/A #N/A 37.5 #N/A #N/A 37 
Standard Deviation  1.1 0.57 0.5 0.76 0.76 0.28 0.5 0.5 0.57 
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Black & insulation bottle  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 29.5 32 39 40 41.5 41 40.5 40.5 39 
Data point 2 28 31 38 38.5 41 40 40 39.5 38 
Data point 3 29 31 39 39 41 40 40.5 40.5 39 
Mean  28.8 31.3 38.6 39.16 41.1 40.3 40.3 40.1 38.6 
Median  29 31 39 39 41 40 40.5 40.5 39 
Mode #N/A 31 39 #N/A 41 40 40.5 40.5 39 
Standard Deviation  0.76 0.57 0.57 0.76 0.28 0.57 0.28 0.57 0.57 
          
          
Insulation  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 26 28.5 34.5 34.5 36.5 36 36 36 34 
Data point 2 26.5 28 35 34.5 36 36 36 35 34 
Data point 3 26 28 34 34 36 36 36 36 34.5 
Mean  26.1 28.1 34.5 34.3 36.1 36 36 35.6 34.1 
Median  26 28 34.5 34.5 36 36 36 36 34 
Mode 26 28 #N/A 34.5 36 36 36 36 34 
Standard Deviation  0.28 0.28 0.5 0.28 0.28 0 0 0.57 0.28 
          
          
Mylar 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 24 26 31.5 31.5 33.5 33 33.5 32 33 
Data point 2 25.5 26 31 31 33 33 33 32 33 
Data point 3 25 26 31 31 33 33 33 33 32 
Mean  24.8 26 31.1 31.1 33.1 33 33.1 32.3 32.6 
Median  25 26 31 31 33 33 33 32 33 
Mode #N/A 26 31 31 33 33 33 32 33 
Standard Deviation  0.76 0 0.28 0.28 0.28 0 0.28 0.57 0.57 
          
          
Mylar & Insulation 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 26 28 34 34 36 36 36 35 33 
Data point 2 26 27 33 33 35.5 36 36 35 34 
Data point 3 26 27 33 33 35.5 36 36.5 36 35 
Mean  26 27.3 33.3 33.3 35.6 36 36.1 35.3 34 
Median  26 27 33 33 35.5 36 36 35 34 
Mode 26 27 33 33 35.5 36 36 35 #N/A 
Standard Deviation  0 0.57 0.57 0.57 0.28 0 0.28 0.57 1 
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Bottle type 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Plain  24.1 24.6 23.5 30.3 30.6 31 31 31.3 30.3 
White 25 25.5 26.6 31 31.6 31.6 31.5 32 31 
Black  27.6 30.3 37.5 37.3 38.3 37.3 38 38 36.6 
Black & Insulation 28.8 31.3 38.6 39.16 41.1 40.3 40.3 40.1 38.6 
Insulation 26.1 28.1 34.5 34.5 36.1 36 36 35.6 34.1 
Mylar 24.8 26 31.1 31.1 33.1 33 33.1 32.3 32.6 
Mylar & Insulation 26 27.3 33.3 33.3 35.6 36 36.1 35.3 34 
Yard temperature 21.6 22 22.8 20.7 22.5 26 24.5 26.2 25.6 
Weather station 15 16 17 18 19 20 21 21 22 
 
Plain bottle  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 24.5 28 32 34 35 36 36 34.5 32 
Data point 2 24 29 31 34 35 35.5 35 33 32 
Data point 3 24.5 28 32 35 34.5 36 36 34 33 
Mean  24.3 28.3 31.6 34.3 34.8 35.8 35.6 33.8 32.3 
Median  24.5 28 32 34 35 36 36 34 32 
Mode 24.5 28 32 34 35 36 36 #N/A 32 
Standard Deviation  0.28 0.57 0.57 0.57 0.28 0.28 0.57 0.76 0.57 
          
          
White bottle 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 24 28.5 31.5 33.5 34 35.5 35.5 34 32 
Data point 2 24 28 31 33.5 34 35 36 34 33 
Data point 3 25 28 31 33 35 34.5 35 35 33 
Mean  24.3 28.1 31.1 33.3 34.3 35 35.5 34.3 32.6 
Median  24 28 31 33.5 34 35 35.5 34 33 
Mode 24 28 31 33.5 34 #N/A #N/A 34 33 
Standard Deviation  0.57 0.28 0.28 0.28 0.57 0.5 0.5 0.57 0.57 
          
          
Black  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 28 35 38.5 40 41 42 42 41.5 38.5 
Data point 2 28 34 38.5 40 41 42 42 41.5 39 
Data point 3 27.5 34.5 38 40 41.5 42 42.5 41 39 
Mean  27.8 34.5 38.3 40 41.1 42 42.1 41.3 38.8 
Median  28 34.5 38.5 40 41 42 42 41.5 39 
Mode 28 #N/A 38.5 40 41 42 42 41.5 39 
Standard Deviation  0.28 0.5 0.28 0 0.28 0 0.28 0.28 0.28 
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Black & Insulation 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 28 34 39.5 43.5 45 45.5 46 44 41.5 
Data point 2 27 34 38 42 44 45 46 44 42 
Data point 3 28 34.5 38.5 42.5 44.5 45 45.5 45 42.5 
Mean  27.6 34.1 38.6 42.6 44.5 45.1 45.8 44.3 42 
Median  28 34 38.5 42.5 44.5 45 46 44 42 
Mode 28 34 #N/A #N/A #N/A 45 46 44 #N/A 
Standard Deviation  0.57 0.28 0.76 0.76 0.5 0.28 0.28 0.57 0.5 
          
          
Insulation 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 25.5 30 34 37 38 39 39 38 35 
Data point 2 25 30 33.5 36 38 39 41 40 37 
Data point 3 25 29 33 37 39 39.5 40 39 37 
Mean  25.1 29.6 33.5 36.6 38.3 39.1 40 39 36.3 
Median  25 30 33.5 37 38 39 40 39 37 
Mode 25 30 #N/A 37 38 39 #N/A #N/A 37 
Standard Deviation  0.28 0.57 0.5 0.57 0.57 0.28 1 1 1.1 
          
          
Mylar  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 25 28 32 36 36 37 37.5 36 34 
Data point 2 25 28.5 32 34 35.5 36 37 36 34 
Data point 3 25 29.5 32 35 36 36.5 38 36.5 34.5 
Mean  25 28.6 32 35 35.8 36.5 37.5 36.1 34.1 
Median  25 28.5 32 35 36 36.5 37.5 36 34 
Mode 25 #N/A 32 #N/A 36 #N/A #N/A 36 34 
Standard Deviation  0 0.76 0 1 0.28 0.5 0.5 0.28 0.28 
          
          
Mylar & Insulation  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 25.5 28.5 32.5 36 38 38.5 40 38 35 
Data point 2 25 29.5 32.5 36 38 39 40 39 35 
Data point 3 25 29.5 33.5 37 37 38.5 40.5 40 36 
Mean  25.1 29.1 32.8 36.3 37.6 38.6 40.1 39 35.3 
Median  25 29.5 32.5 36 38 38.5 40 39 35 
Mode 25 29.5 32.5 36 38 38.5 40 #N/A 35 
Standard Deviation  0.28 0.57 0.57 0.57 0.57 0.288675 0.28 1 0.57 
          
          
 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Yard Temperature 20.7 22.6 23.2 23.8 25.2 25.8 26 26 25.7 
  132 
Weather station  17.2 17.7 19.4 20 20.5 21.1 22.2 23.8 23.3 
          
          
          
Bottles 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Plain Bottle 24.3 28.3 31.6 34.3 34.8 35.8 35.6 33.8 32.3 
White Bottle  24.3 28.1 31.1 33.3 34.3 35 35.5 34.3 32.6 
Black Bottle  27.8 34.5 38.3 40 41.1 42 42.1 41.3 38.8 
Black & insulation 27.6 34.1 38.6 42.6 44.5 45.1 45.8 44.3 42 
Insulation  25.1 29.6 33.5 36.6 38.3 39.1 40 39 36.3 
Mylar  25 28.6 32 35 35.8 36.5 37.5 36.1 34.1 
Mylar & Insulation  25.1 29.1 32.8 36.3 37.6 38.6 40.1 39 35.3 
Yard Temp 20.7 22.6 23.2 23.8 25.2 25.8 26 26 25.7 
Weather station  17.2 17.7 19.4 20 20.5 21.1 22.2 23.8 23.3 
 
Plain bottle  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 31 36 40 44 48 49 49 47 47 
Data point 2 30 36 41 44 47 50 49 47 46 
Data point 3 31 36 41 45 46 48 48.5 47 46 
Mean  30.6 36 40.6 44.3 47 49 48.8 47 46.3 
Median  31 36 41 44 47 49 49 47 46 
Mode 31 36 41 44 #N/A #N/A 49 47 46 
Standard Deviation  0.57 0 0.57 0.57 1 1 0.28 0 0.57 
          
          
White bottle 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 30.5 36 41 43 47 48 49 48 46.5 
Data point 2 32 36 41 44 46 48 48 47 47 
Data point 3 31 37 41 44 47 49 48 47 46 
Mean  31.1 36.3 41 43.6 46.6 48.3 48.3 47.3 46.5 
Median  31 36 41 44 47 48 48 47 46.5 
Mode #N/A 36 41 44 47 48 48 47 #N/A 
Standard Deviation  0.76 0.57 0 0.57 0.57 0.57 0.57 0.57 0.5 
          
          
Black  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 35 43 48.5 52 54 55 58 54 54 
Data point 2 34 43 47.5 52 55 56 55 56 56 
Data point 3 34 41 47 51 55 55 57 53 53 
Mean  34.33 42.33 47.6 51.6 54.6 55.3 56.6 54.3 54.3 
Median  34 43 47.5 52 55 55 57 54 54 
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Mode 34 43 #N/A 52 55 55 #N/A #N/A #N/A 
Standard Deviation  0.57 1.1 0.76 0.57 0.57 0.57 1.52 1.5 1.52 
          
          
Black & Insulation 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 34 41 48 53 56 59 59 56 54 
Data point 2 35 43 49 53 56 59 58 56 55 
Data point 3 35 43 49 52 57 58 58 57 55.5 
Mean  34.6 42.3 48.6 52.6 56.3 58.6 58.3 56.3 54.8 
Median  35 43 49 53 56 59 58 56 55 
Mode 35 43 49 53 56 59 58 56 #N/A 
Standard Deviation  0.57 1.1 0.57 0.57 0.57 0.57 0.57 0.57 0.76 
          
          
Insulation 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 32 38 44 48 51 52 52 51 51 
Data point 2 32 38 44.5 48 52 53 53 52 52 
Data point 3 33 37 45 49 52 53 53 52 52 
Mean  32.3 37.6 44.5 48.33 51.6 52.6 52.6 51.6 51.6 
Median  32 38 44.5 48 52 53 53 52 52 
Mode 32 38 #N/A 48 52 53 53 52 52 
Standard Deviation  0.57 0.57 0.5 0.57 0.57 0.57 0.57 0.57 0.57 
          
          
Mylar  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 31 36 40.5 44 48 49 50 47 48 
Data point 2 31 36 40 43 48 50 49 48 48 
Data point 3 32 37 41 44 48 59 50 49 47 
Mean  31.3 36.3 40.5 43.6 48 52.6 49.6 48 47.6 
Median  31 36 40.5 44 48 50 50 48 48 
Mode 31 36 #N/A 44 48 #N/A 50 #N/A 48 
Standard Deviation  0.57 0.57 0.5 0.57 0 5.5 0.57 1 0.57 
          
          
Mylar & Insulation  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 31 37 42 46 51 52 54 50 51 
Data point 2 31 37 41 46 49 52 54 51 51 
Data point 3 30 36 41 47 50 51 52 51 50.5 
Mean  30.6 36.6 41.3 46.3 50 51.6 53.3 50.6 50.8 
Median  31 37 41 46 50 52 54 51 51 
Mode 31 37 41 46 #N/A 52 54 51 51 
Standard Deviation  0.57 0.57 0.57 0.57 1 0.57 1.1 0.57 0.28 
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 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Yard Temperature 29.8 31.5 34.4 34.6 35 36.6 36 36.8 35.5 
Weather station  28.8 27.2 29.4 30.5 32.2 33.88 34.44 35.55 35.27 
          
          
          
Bottles 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Plain Bottle 30.6 36 40.6 44.3 47 49 48.8 47 46.3 
White Bottle  31.1 36.3 41 43.6 46.6 48.3 48.3 47.3 46.5 
Black Bottle  34.3 42.3 47.6 51.6 54.6 55.3 56.6 54.3 54.3 
Black & insulation 34.6 42.3 48.6 52.6 56.3 58.6 58.3 56.3 54.8 
Insulation  32.3 37.6 44.5 48.3 51.6 52.6 52.6 51.6 51.6 
Mylar  31.3 36.3 40.5 43.6 48 52.6 49.6 48 47.6 
Mylar & Insulation  30.6 36.6 41.3 46.3 50 51.6 53.3 50.6 50.8 
Yard Temp 29.8 31.5 34.4 34.6 35 36.6 36 36.8 35.5 
Weather station  28.8 27.2 29.4 30.5 32.2 33.8 34.4 35.5 35.2 
 
Plain bottle  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 30 34 38 42 44 45 46 44 43 
Data point 2 31 34 38 42.5 44 46 45 44 44 
Data point 3 32 35 38 42 44 45 45 45 45 
Mean  31 34.3 38 42.1 44 45.3 45.3 44.3 44 
Median  31 34 38 42 44 45 45 44 44 
Mode #N/A 34 38 42 44 45 45 44 #N/A 
Standard Deviation  1 0.57 0 0.28 0 0.57 0.57 0.57 1 
          
          
White bottle 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 32 36 40 42 44 45 45 44 44 
Data point 2 31.5 34 40 43 44 46 45 45 45 
Data point 3 32 36 39 42 44 46 46 45 44 
Mean  31.8 35.3 39.6 42.3 44 45.6 45.3 44.6 44.3 
Median  32 36 40 42 44 46 45 45 44 
Mode 32 36 40 42 44 46 45 45 44 
Standard Deviation  0.28 1.1 0.57 0.57 0 0.57 0.57 0.57 0.57 
          
          
Black  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 35 40 41 49 51.5 53 53 53.5 53 
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Data point 2 36 40.5 41 49 53 53 52 52 53 
Data point 3 34 39 43 49 51 53 53 52 52 
Mean  35 39.8 41.6 49 51.8 53 52.6 52.5 52.6 
Median  35 40 41 49 51.5 53 53 52 53 
Mode #N/A #N/A 41 49 #N/A 53 53 52 53 
Standard Deviation  1 0.76 1.1 0 1 0 0.57 0.86 0.57 
          
          
Black & Insulation 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 36 40.5 46 50 54 56 55 54 54 
Data point 2 34 39 45 51 53 55 54 54 54 
Data point 3 35 39 45 51 54 56 56 55 54 
Mean  35 39.5 45.3 50.6 53.6 55.6 55 54.3 54 
Median  35 39 45 51 54 56 55 54 54 
Mode #N/A 39 45 51 54 56 #N/A 54 54 
Standard Deviation  1 0.86 0.57 0.57 0.57 0.57 1 0.57 0 
          
          
Insulation 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 33.5 37 42 46.5 49 50.5 50 50 49 
Data point 2 33 35 42 47 49 50 50 49 49 
Data point 3 32 35.5 41 47 48 50 50.5 49 49 
Mean  32.8 35.8 41.6 46.8 48.6 50.1 50.1 49.3 49 
Median  33 35.5 42 47 49 50 50 49 49 
Mode #N/A #N/A 42 47 49 50 50 49 49 
Standard Deviation  0.76 1 0.57 0.28 0.57 0.28 0.28 0.57 0 
          
          
Mylar  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 30.5 34 38 41.5 44 45 44 44 44 
Data point 2 31 34 38 42 44 45 45 44 45 
Data point 3 31 35 37 42 43 46 46 45 45 
Mean  30.8 34.3 37.6 41.8 43.6 45.3 45 44.3 44.6 
Median  31 34 38 42 44 45 45 44 45 
Mode 31 34 38 42 44 45 #N/A 44 45 
Standard Deviation  0.28 0.57 0.57 0.28 0.57 0.57 1 0.57 0.57 
          
          
Mylar & Insulation  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 33 36.5 42 44.5 47 49 51 49.5 49 
Data point 2 30 35 41 44.5 48 50 51 48 48 
Data point 3 31 34 41 45 47 50 50 49 48 
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Mean  31.3 35.1 41.3 44.6 47.3 49.6 50.6 48.8 48.3 
Median  31 35 41 44.5 47 50 51 49 48 
Mode #N/A #N/A 41 44.5 47 50 51 #N/A 48 
Standard Deviation  1.52 1.25 0.57 0.28 0.57 0.57 0.57 0.76 0.57 
          
          
 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Yard Temperature 30.2 30.1 31.1 33.4 33.9 34.5 35 34.6 32.5 
Weather station  23.3 27.7 27.7 28.3 31 31.6 32.2 32.2 31.6 
          
          
          
Bottles 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Plain Bottle 31 34.3 38 42.1 44 45.3 45.3 44.3 44 
White Bottle  31.8 35.3 39.6 42.3 44 45.6 45.3 44.6 44.3 
Black Bottle  35 39.8 41.6 49 51.8 53 52.6 52.5 52.6 
Black & insulation 35 39.5 45.3 50.6 53.6 55.6 55 54.3 54 
Insulation  32.8 35.8 41.6 46.8 48.6 50.1 50.1 49.3 49 
Mylar  30.8 34.3 37.6 41.8 43.6 45.3 45 44.3 44.6 
Mylar & Insulation  31.3 35.1 41.3 44.6 47.3 49.6 50.6 48.8 48.3 
Yard Temp 30.2 30.1 31.1 33.4 33.9 34.5 35 34.6 32.5 
Weather station  23.3 27.7 27.7 28.3 31 31.6 32.2 32.2 31.6 
 
Plain bottle  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 33 36.5 42 45 48 49 49.5 47 46 
Data point 2 34 38 43 45.5 48 50 49.5 47 46.5 
Data point 3 33.5 38 43 46 47 49 49 48 47 
Mean  33.5 37.5 42.6 45.5 47.6 49.3 49.3 47.3 46.5 
Median  33.5 38 43 45.5 48 49 49.5 47 46.5 
Mode #N/A 38 43 #N/A 48 49 49.5 47 #N/A 
Standard Deviation  0.5 0.86 0.57 0.57 0.57 0.57 0.28 0.57 0.5 
          
          
White bottle 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 34 39.5 44 46.5 48 50 49 48 47 
Data point 2 34 39 43 46 48 50 50 48 46.5 
Data point 3 34 39.5 44 46 47 .5 50 49 47.5 47 
Mean  34 39.3 43.6 46.1 48 50 49.3 47.8 46.8 
Median  34 39.5 44 46 48 50 49 48 47 
Mode 34 39.5 44 46 48 50 49 48 47 
Standard Deviation  0 0.28 0.57 0.28 0 0 0.57 0.28 0.28 
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Black  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 35 42.5 48 51 54 55 55.5 55 54 
Data point 2 37 43 51 52 55 56 55 55 53.5 
Data point 3 37 43 51 53 55 55 55.5 54 53 
Mean  36.3 42.8 50 52 54.6 55.3 55.3 54.6 53.5 
Median  37 43 51 52 55 55 55.5 55 53.5 
Mode 37 43 51 #N/A 55 55 55.5 55 #N/A 
Standard Deviation  1.1 0.28 1.73 1 0.57 0.57 0.28 0.57 0.5 
          
          
Black & Insulation 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 35.5 42 49 53 56 57 58 54.5 53 
Data point 2 35.5 43 49 53 56 57 58 56.5 53 
Data point 3 35 44 49 53 57 57 58 56 54 
Mean  35.3 43 49 53 56.3 57 58 55.6 53.3 
Median  35.5 43 49 53 56 57 58 56 53 
Mode 35.5 #N/A 49 53 56 57 58 #N/A 53 
Standard Deviation  0.28 1 0 0 0.57 0 0 1.04 0.57 
          
          
Insulation 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 34 40 46 48.5 52 53 53 51 50 
Data point 2 34 42 46 49 52 53 52 49.5 49 
Data point 3 34.5 42 45 49 53 53 52 51 49 
Mean  34.1 41.3 45.6 48.8 52.3 53 52.3 50.5 49.3 
Median  34 42 46 49 52 53 52 51 49 
Mode 34 42 46 49 52 53 52 51 49 
Standard Deviation  0.28 1.1 0.57 0.28 0.57 0 0.57 0.86 0.57 
          
          
Mylar  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 33.5 38 43 45 48 50 50.5 50 49 
Data point 2 32.5 36 42 45 48 49 51 48.5 49.5 
Data point 3 33.5 37 41 47 47 50 49 50 48 
Mean  33.1 37 42 45.6 47.6 49.6 50.1 49.5 48.8 
Median  33.5 37 42 45 48 50 50.5 50 49 
Mode 33.5 #N/A #N/A 45 48 50 #N/A 50 #N/A 
Standard Deviation  0.57 1 1 1.1 0.57 0.57 1 0.8 0.76 
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Mylar & Insulation  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 33.5 38 42.5 46 49 51.5 51 53 52 
Data point 2 33 38 42 46.5 50 52 52 51 52.5 
Data point 3 33 37 43 47 50 52.5 53 51 51 
Mean  33.1 37.6 42.5 46.5 49.6 52 52 51.6 51.83 
Median  33 38 42.5 46.5 50 52 52 51 52 
Mode 33 38 #N/A #N/A 50 #N/A #N/A 51 #N/A 
Standard Deviation  0.28 0.57 0.5 0.5 0.57 0.5 1 1.1 0.76 
          
          
 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Yard Temperature 33.1 35.6 36.1 37 39.1 40.2 39.3 40.4 39.5 
Weather station  30 32.7 32.2 35.5 36.1 36.6  38.8 37.7 
          
          
Bottles 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Plain Bottle 33.1 37.6 42.5 46.5 49.6 52 52 51.6 51.8 
White Bottle  34 39.3 43.6 46.1 48 50 49.3 47.8 46.8 
Black Bottle  36.3 42.8 50 52 54.6 55.3 55.3 54.6 53.5 
Black & insulation 35.3 43 49 53 56.3 57 58 55.6 53.3 
Insulation  34.1 41.3 45.6 48.8 52.3 53 52.3 50.5 49.3 
Mylar  33.1 37 42 45.6 47.6 49.6 50.1 49.5 48.8 
Mylar & Insulation  33.1 37.6 42.5 46.5 49.6 52 52 51.6 51.8 
Yard Temp 33.1 35.6 36.1 37 39.1 40.2 39.3 40.4 39.5 
Weather station  30 32.7 32.2 35.5 36.1 36.6 37.5 38.8 37.7 
 
Plain bottle  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 35 39 43.5 48 51 51 51 50 49.5 
Data point 2 34.5 39 44 47 50.5 51 51 50 49 
Data point 3 34 39 44 49 52 52 53 51 49 
Mean  34.5 39 43.8 48 51.1 51.3 51.6 50.3 49.1 
Median  34.5 39 44 48 51 51 51 50 49 
Mode #N/A 39 44 #N/A #N/A 51 51 50 49 
Standard Deviation  0.5 0 0.2 1 0.76 0.57 1.1 0.5 0.2 
          
          
White bottle 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 36.5 41 44 49 51.5 52 52 52 51 
Data point 2 35 40 44.5 48 51 52 52 52 51.5 
Data point 3 35 40 45 48 50 51 51.5 51 51 
Mean  35.5 40.3 44.5 48.3 50.8 51.6 51.8 51.6 51.1 
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Median  35 40 44.5 48 51 52 52 52 51 
Mode 35 40 #N/A 48 #N/A 52 52 52 51 
Standard Deviation  0.86 0.57 0.5 0.57 0.76 0.57 0.28 0.57 0.28 
          
          
Black  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 41.5 46 50.5 54.5 56 57 57 56 55.5 
Data point 2 40 45.5 50.5 55 57 58 58 58 57 
Data point 3 39 45 51 55 57 58 59 57 56 
Mean  40.1 45.5 50.6 54.8 56.6 57.6 58 57 56.1 
Median  40 45.5 50.5 55 57 58 58 57 56 
Mode #N/A #N/A 50.5 55 57 58 #N/A #N/A #N/A 
Standard Deviation  1.2 0.5 0.2 0.28 0.57 0.57 1 1 0.76 
          
          
Black & Insulation 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 47 45 51 56 58 59.5 59.5 59 59 
Data point 2 46.5 46 51 56 59 60.5 60.5 60 58.5 
Data point 3 46 46 51.5 55.5 59 60 60.5 59 58.5 
Mean  46.5 45.6 51.1 55.8 58.6 60 60.1 59.3 58.6 
Median  46.5 46 51 56 59 60 60.5 59 58.5 
Mode #N/A 46 51 56 59 #N/A 60.5 59 58.5 
Standard Deviation  0.5 0.57 0.28 0.28 0.57 0.5 0.57 0.57 0.28 
          
          
Insulation 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 34.5 40 45.5 51 54 55 55.5 55 54 
Data point 2 34 40 45 52 54 55 55.5 55 54.5 
Data point 3 35 40.5 45 52 54.5 54.5 55 54.5 55 
Mean  34.5 40.1 45.1 51.6 54.1 54.8 55.3 54.8 54.5 
Median  34.5 40 45 52 54 55 55.5 55 54.5 
Mode #N/A 40 45 52 54 55 55.5 55 #N/A 
Standard Deviation  0.5 0.28 0.28 0.57 0.28 0.28 0.28 0.28 0.5 
          
          
Mylar  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 34.5 39 43.5 49 51 52.5 53.5 52 51 
Data point 2 35 39.5 44 49 50.5 52 52 51 51 
Data point 3 35 39 43 49.5 51 51 51 51.5 51.5 
Mean  34.8 39.1 43.5 49.1 50.8 51.8 52.1 51.5 51.1 
Median  35 39 43.5 49 51 52 52 51.5 51 
Mode 35 39 #N/A 49 51 #N/A #N/A #N/A 51 
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Standard Deviation  0.28 0.28 0.5 0.28 0.28 0.76 1.25 0.5 0.28 
          
          
Mylar & Insulation  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 34 39 44 50 53 54 55 54.5 54 
Data point 2 34 39 46 49 53 54 54 53 53 
Data point 3 34.5 38 45 49 52 53 53.5 53 52.5 
Mean  34.1 38.6 45 49.3 52.6 53.6 54.1 53.5 53.1 
Median  34 39 45 49 53 54 54 53 53 
Mode 34 39 #N/A 49 53 54 #N/A 53 #N/A 
Standard Deviation  0.28 0.57 1 0.57 0.57 0.57 0.76 0.86 0.76 
          
          
 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Yard Temperature 35.1 36.8 37.8 38.3 39.3 39.7 41 40.2 40 
Weather station  33.3 32.7 33.3 36.1 37.7 38.8 40 39.4 39.1 
          
          
          
bottles 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Plain Bottle 34.5 39 43.8 48 51.1 51.3 51.6 50.3 49.1 
White Bottle  35.5 40.3 44.5 48.3 50.8 51.6 51.8 51.6 51.1 
Black Bottle  40.1 45.5 50.6 54.8 56.6 57.6 58 57 56.1 
Black & insulation 46.5 45.6 51.1 55.8 58.6 60 60.1 59.3 58.6 
Insulation  34.5 40.1 45.16 51.6 54.1 54.8 55.3 54.8 54.5 
Mylar  34.8 39.1 43.5 49.1 50.8 51.8 52.1 51.5 51.1 
Mylar & Insulation  34.1 38.6 45 49.3 52.6 53.6 54.1 53.5 53.1 
Yard Temp 35.1 36.8 37.8 38.3 39.3 39.7 41 40.2 40 
Weather station  33.3 32.7 33.3 36.1 37.7 38.8 40 39.4 39.1 
 
          
          
Plain bottle  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 36.5 40 43 42 45 46 46.5 45.5 44 
Data point 2 35 38 43 43 45 46.5 46 45 44 
Data point 3 36 38.5 42 43 46 46 46 45 45 
Mean  35.8 38.8 42.6 42.6 45.3 46.1 46.1 45.1 44.3 
Median  36 38.5 43 43 45 46 46 45 44 
Mode #N/A #N/A 43 43 45 46 46 45 44 
Standard Deviation  0.76 1 0.57 0.57 0.57 0.28 0.28 0.28 0.57 
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White bottle 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 36 39 40 42 42 44 45 45 44 
Data point 2 35 39 40 42 42.5 43 45 45.5 44 
Data point 3 35 38 39.5 42.5 44 43 44 45 45 
Mean  35.3 38.6 39.8 42.1 42.8 43.3 44.6 45.1 44.3 
Median  35 39 40 42 42.5 43 45 45 44 
Mode 35 39 40 42 #N/A 43 45 45 44 
Standard Deviation  0.57 0.57 0.28 0.28 1.04 0.57 0.577 0.28 0.57 
          
          
Black  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 38.5 43 44 47 48 49 51.5 52 51.5 
Data point 2 37 43 45.5 46 47 49.5 51 51 51 
Data point 3 37 44 45 47 48 49 50 51 51 
Mean  37.5 43.3 44.8 46.6 47.6 49.16 50.8 51.3 51.1 
Median  37 43 45 47 48 49 51 51 51 
Mode 37 43 #N/A 47 48 49 #N/A 51 51 
Standard Deviation  0.86 0.57 0.76 0.57 0.57 0.28 0.76 0.57 0.28 
          
          
Black & Insulation 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 39 43 45 48 48 50 52 54 53 
Data point 2 38 42 46 47 48 50 51.5 53 52 
Data point 3 40 42 45 47 47.5 49 51 53 51.5 
Mean  39 42.3 45.3 47.3 47.8 49.6 51.5 53.3 52.1 
Median  39 42 45 47 48 50 51.5 53 52 
Mode #N/A 42 45 47 48 50 #N/A 53 #N/A 
Standard Deviation  1 0.57 0.57 0.57 0.28 0.57 0.5 0.57 0.76 
          
          
Insulation 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 36.5 40 41 45 44 48 49.5 49 48.5 
Data point 2 35 39 43 44 44 47 49 48 48 
Data point 3 35 39 43 44 45 47 48 48 48 
Mean  35.5 39.33 42.33 44.33 44.3 47.3 48.8 48.3 48.1 
Median  35 39 43 44 44 47 49 48 48 
Mode 35 39 43 44 44 47 #N/A 48 48 
Standard Deviation  0.86 0.57 1.1 0.57 0.57 0.57 0.76 0.57 0.28 
          
          
Mylar  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 36.5 39 40 42 42 45 47 46.5 46 
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Data point 2 35 38 40 42 43 45.5 47 47 46 
Data point 3 35 38 41 42.5 43 45 47.5 47 46.5 
Mean  35.5 38.3 40.33 42.1 42.6 45.1 47.1 46.8 46.1 
Median  35 38 40 42 43 45 47 47 46 
Mode 35 38 40 42 43 45 47 47 46 
Standard Deviation  0.86 0.57 0.57 0.28 0.57 0.28 0.28 0.28 0.28 
          
          
Mylar & Insulation  9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Data point 1 34.5 38 41 42 43 46 48 49 48 
Data point 2 34 38.5 40 43 44 46 47.5 48 48 
Data point 3 34 38 40 42 44 45.5 47 47.5 47 
Mean  34.1 38.1 40.3 42.3 43.6 45.8 47.5 48.1 47.6 
Median  34 38 40 42 44 46 47.5 48 48 
Mode 34 38 40 42 44 46 #N/A #N/A 48 
Standard Deviation  0.2 0.28 0.57 0.57 0.57 0.28 0.5 0.76 0.57 
          
          
 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Yard Temperature 34.8 35.3 36.3 35.8 36.6 38.6 39.8 40.4 39.5 
Weather station  28.8 31.6 31.1 32.2 32.7 33.3 33.8 33.8 33.3 
          
          
bottles 9AM 10AM 11AM 12PM 1PM 2PM 3PM 4PM 5PM 
Plain Bottle 35.8 38.8 42.6 42.6 45.3 46.1 46.1 45.1 44.3 
White Bottle  35.3 38.6 39.8 42.1 42.8 43.3 44.6 45.1 44.3 
Black Bottle  37.5 43.3 44.8 46.6 47.6 49.1 50.8 51.3 51.1 
Black & insulation 39 42.3 45.3 47.3 47.8 49.6 51.5 53.3 52.1 
Insulation  35.5 39.3 42.3 44.3 44.3 47.3 48.8 48.33 48.1 
Mylar  35.5 38.3 40.3 42.1 42.6 45.1 47.1 46.8 46.1 
Mylar & Insulation  34.1 38.1 40.3 42.3 43.6 45.8 47.5 48.1 47 
Yard Temp 34.8 35.3 36.3 35.8 36.6 38.6 39.8 40.4 39.5 
Weather station  28.8 31.6 31.1 32.2 32.7 33.3 33.8 33.8 33.3 
  
